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(iv) 
INTRODUCTION 
NATURE OF THE PROBLEM 
C l i m a t e e x h i b i t s b o t h s p a t i a l and t e m p o r a l 
v a r i a t i o n s t h r o u g h o u t t h e w o r l d , T e c h n o l o g i c a l 
i m p r o v e m e n t s i n i n s t r u m e n t a t i o n , c o m m u n i c a t i o n a n d 
s p a t i a l a n a l y s i s h a v e p e r m i t t e d p r e c i s e i d e n t i f i c a t i o n 
of s p a t i a l and t e m p o r a l v a r i a t i o n s a s w e l l a s c h a n g e s 
i n t h e c l i m a t e s y s t e m . G l o b a l c l i m a t i c c h a n g e s d u e t o 
a n t i c i p a t e d g r e e n h o u s e w a r m i n g p r o j e c t i o n s a n d t h e 
r e g i o n a l c l i m a t i c c h a n g e s have r e c e n t l y a r o u s e d a g r e a t 
c o n c e r n i n t h e s c i e n t i f i c e n q u i r y . Many s t u d i e s on 
c l i m a t i c c h a n g e s a n d i t s p r e d i c t i o n s c a n b e b a s e d 
e i t h e r on t h e a n a l y s i s of c o n v e n t i o n a l c l i m a t i c 
i n d i c a t o r s o r on t h e s i m u l a t e d mode l s of c a r b o n d i o x i d e 
c h a n g e r e a c t i o n s . S u c h e n q u r i e s a r e of i n c r e a s i n g 
s i g n i f i c a n c e i n v i ew of t h e f a c t t h a t t h e e c o s y s t e m s 
a r e c l o s e l y r e l t e d w i t h t h e c l i m a t i c c h a n g e . As warming 
w i l l a f f e c t e c o s y s t e m t h r o u g h c h a n g e s i n t e m p e r a t u r e , 
( V ) 
precipitation, siol moisture, duststorm frequency and 
intensity and the sea level changes. For slowly 
migrating species including trees in mid-latitude 
forests successful adaptation to expected rates of 
temperature change may not be possible. Many studies 
have been conducted by the various agencies in the 
developed world, like World Weather Watch (WWW), World 
Meteorological Organisation (WMO), Intergovernmental 
Panel for Climate Change (IPCC) and Natiional Aeronautic 
and Space Administration (NASA) on the basis of carbon-
dioxide changes through highly complex simulated 
models. 
Case studies on probable climatic change in 
terms of rainfall distribution, temperature regime, 
relative humidity, sunshine duration, wind velocity and 
evaporation characteristics pertaining to global warming 
concepts have scantily been attempted in the developing 
countries. Lack of meteorological data for long period 
of time may be one of the reasons for such an inadequacy 
of studies. However, it is a general understanding that 
(vi) 
the r e su l t an t c h a r a c t e r i s t i c s in c l ima t i c t rends should 
at l ea s t be supported by 33 years of meteorological 
observat ions. 
For the a n a l y s i s of c l i m a t i c t r e n d s in the 
Western Rajasthan, which i s a cont inen ta l landlocked hot 
deser t of the Indian sub-continent a well d i s t i n c t i v e 
geographical un i t , occupies an area of 2,08,751 sqkm in 
northwestern India ly ing between 2 0°3' and 3 0°12' North 
l a t i t u d e and between 69°3' and 76°17' East l ang i tude . 
The a r i d and semi a r i d r eg ions in R a j a s t h a n a r e 
separated by the Arava l l i s mountains. Western Rajasthan, 
the deser t , i s a ves t undulating p l a i n of sand dune 
i n t e r s p e r s e d wi th h i l l o c k s . C l i m a t i c a l l y , Western 
Rajasthan i s in the region of the dry airmasses of sub-
t r o p i c a l a n t i c y c l o n e s . These s t a b l e and d i v e r g i n g 
arimasses generate condit ions unfavourable for the 
development of convectional showers i n s p i t e of in tense 
heat . 
(v i i ) 
DATA BASE: 
The establishment of meteorologial stations all 
over the country and the climatic records available 
at every meteorological station are the main source of 
meteorological data. The Head Office of these 
meteorological station is India Meteorological 
Department at Pune. Records of daily weather phemomena 
from entire meteorological stations in the country are 
assembled at India Meteorological Department, Pune from 
where daily wheather charts are published. 
Apart from India Meteorological Department, Pune, some 
resarch institutes also record the meteorological data 
on regional basis like the Central Arid Zone Research 
Institute (CAZRI), Jodhpur have established their 
meteorological observataries in the districts of 
Jodhpur, Jaisalmer, Bikaner, Pali and in some tehsils 
in Western Rajasthan. Even published data of 
meteorology is deemed to be a primary data. Hence for 
this study, primary data has been used which were 
(viii) 
obtained from India Meterological Department (IMD) Pune 
and Central Arid Zone Research Institute (CAZRI), 
Jodhpur. 
RESEARCH METHODOLCXSY: 
For the analysis of climatic trends and their 
related impact on ecosystems in Western Rajasthan, 
meteorological data of 35 years (1951-1985) were 
obtained from India Meteorological Department, Pune and 
Central Arid Zone Research Institute (CAZRI), Jodhpur. 
The data comprises of conventional climatic indicators 
such as rainfall distribution, temperature regime, 
relative humidity, sunshine duration, wind velocity 
and pan evaporation 'A' characteristics. Wherever the 
data was missing for an individual "month cell" for any 
variable, it was filled up by taking an average of six 
years representing three immediately preceding years and 
the three following years. Thus the chance of bias 
filling, which could othewise have adversely affected 
the trends either way, was minimized. 
(ix) 
Statistical analysis of temperature, 
precipitation, relative humdity, wind velocity, sunshine 
duration and pan-evaporation *A' data for all the 
districts of Western Rajasthan with the exception of 
Jalore, showed an increasing trend of temperatures and 
relative humidity and decreasing trends of wind 
velocity, sunshine duration and evaporation. Regression 
analysis has been performed for assessing the trend of 
changes in all the climatic indicators. 
Regression analysis postulates a causal 
relationship between a depedent variabile and one or 
more independent variables. The dependent variable is 
supposed to be functionally dependent on the other 
variables. The regression model attempts to explain 
observed changes in the dependent variables. Changes 
in the causal relation were expressed by the model. 
The causal relation between the dependent 
variable (Y) and the independent variables (X-j^, X2, X3 
Xj^ ) may be of any implicit functional form. But 
(X) 
the available techniques of estimation require the 
function as an explicit function. An explicit 
functional form widely used to express the causal 
relation between a dependent variable and an independent 
variable is linear form. Even if the relation is not 
linear, when the relevant range of operation is small, 
the linear form may adequately represents the true 
functional form. The linear regression may be expressed 
as: Y=a+bX, where b is the base and 
b= n tXY -i X.'LY/nEX)2 - (Ix) ^  
The data of all indicators except rainfall 
distribution, were loaded in the computer and a linear 
regression analysis was performed. Trends of all the 
climatic indicators for every district were come out. In 
the absence of any appriciable data of Jalore 
district, due to the installation of meteorological 
station as late as 1978 which is not in regular 
operation. Jalore's results have been taken on the near 
neighbour analysis with reference to Barmer because of 
(xi) 
almost identical physical and meteorologial condition,-
as : 
1. Both Barmer and Jalore are come under the 
Arabian sea influence of monsoon. 
2. Physiographic similarity between the two. 
Trends in rainfall distribution analysed by 
dividing the whole study period in two equal halves and 
average annual were calculated for each of the halves. 
The result shows a decreasing trend in amount of 
rainfall and increasing trend in ocurance of below 
normla rainfall years. 
For a detailed and systematic study of the 
influence of climatic factors on ecosystem in Western 
Rajasthan, an empirical analysis of the region was also 
made to understand the general characteristics of the 
region. Thus the present work is divided into five 
chapters and an introduction. 
Chapter I deals with the survey on the nature 
of work done with special reference to all the climatic 
(xii) 
indicators such as rainfall variability, temperature 
regime, relative humidity, sunshine duration, wind 
velocity. Pan-evaporation and the ecosystems. A detailed 
study has been made on the related theme through 
journals, proceedings of the conferences and books of 
national and international standard and arranged these 
works in chronicle order to understand the nature of 
work related to climate change and their impact on the 
ecosystems have been looked into. 
Chapter II deals with the general physical and 
cultural setting of the study area to understand the 
nature and characteristics of the region with special 
emphasis on physiographic personality, drainage system, 
climatic conditions, soils distribution, vegetation 
cover and population characteristics. These are the 
basic physical factors in determining the nature and 
characteristics of the ecosystems and climatic 
transition. The whole chapter is illustrated with 
suitable maps, diagrams and tables. 
(xiii) 
Chapter III presents a detailed account of the 
concept of ecosystem to understand the nature and 
characteritics of interaction of living and non-living 
elements. Special emphasis has been given on the 
definition and concept of the ecosystem to understand 
the real theme of the ecosystem, and the components of 
ecosystem, as well as the nature and characterisitics 
of the dry land ecosystems. The impact of climatic 
factors on differents ecosystems and their components, 
particularly on the soil, natural vegetation and animal 
life and land use patten of the region, has also been 
envisaged. The chapter is illustrated with suitable 
tables and charts. 
Chapter IV is devoted to the results and 
findigns of climatic transition. This is the chapter of 
main findings and analysis. Every indicator of climate 
was analysed on regression analysis. All the indicators 
were discussed in detail and were correlated with the 
previous findings. Each indicator of climate is 
(xiv) 
illustrated with suitable diagrams prepared from the 
regression analysis results. Rainfall distribution is 
illustrated with the help of both the comparative bar 
diagram and a suitable table.Each indicator of climate 
is discussed in precise and scientific manner and is 
supplimented with suitable arguments. 
Chapter V is devoted to the summary and 
conclusion. The whole dissertation, especially the 
findings were summarised and stated that how the 
findings of climatic transition presented the similar 
trend of change accordance with the other observations 
and findings in the developed world. It is also 
concluded that the general impact of these climatic 
transtions on the ecosystem and lastly some future 
research plan is also mentioned. 
At last dissertation ends with a comprehensive 
bibliography, which is arranged alphabetically. 
Bibliorgarphy includes the books, journals and 
preceedings of national and international conferences. 
(XV) 
CHAPTER - I 
REVIEW OF THE WORK DONE 
Survey of literature on a research problem is a 
basic requisite of a scholar. Although no scholar can 
claim to have carried out a complete survey of the work 
done on his research area yet for the pursuance of a 
worthwhile research one should have adequate 
understanding of the major research conducted in his 
area of interest. This will save the new research from 
needless repetition. The research would not miss the 
main dimensions of enquiry. In view of literature survey 
the new research would examine whether the new findings 
hold conformity with the already existing patterns of 
knowledge and by how much, or the findings add to a new 
dimension of knowledge. A review of the literature 
enables the researcher a better understanding of his 
research aspects. It is a first step in carrying out 
an empirical research. Review of the literature not 
(01) 
only widers the understanding of the problem but also 
strengthens the line of argument in the new research. 
Although research on the climatic changes is of 
increasing importance, the studies in this respect are 
of very recent origin, particularly in the tropical 
parts of the developing world. In the temperate land 
industrial countries of Europe, America and Japan 
climatic change studies are now based on C02 changes in 
the atmosphere. However, in the developing countries 
monitoring systems of atmospheric C02 have not developed 
due to paucity of such a data. Therefore the tropical 
countries on the climatic changes is though a long term 
anlaysis of the conventional climatic factors such as 
temperature, rainfall, relative humidity, wind velocity 
sunshine duration and evaporation changes. 
The state of the atmosphere and the related 
phenomena is everchanging. Although the temperatures 
reportedly have shifted only slightly, the 
environmental warming and related catastroph might be on 
(02) 
new scale with the potential to disrupt virtually every 
natural ecosystem and many of the structures and 
institutions that humanity has begun to depend upon. 
Impact of warming i.e. rising temperatures would be 
more pronounced in the exceedingly hot areas of the 
tropical world. 
Studies on climatic changes and the -probable 
predictions can be based either on the analyses of 
conventional climatic indicators or on the simulated 
models of C02 change reactions. Such enquiries are 
increasing significance in view of the fact that 
economic planning. Particularly agricultural land use is 
closely related with the climatic change. 
Case studies on probable climatic changes in 
terms of rainfall distribution, temperature regime, 
relative humidity, sunshine duration, wind velocity and 
evaporation characteristics pertaining to projected 
global warming concepts have scantily been attempted in 
the developing countries. The lack of meterological 
(03) 
data for a long period of time may be one of the 
reasons. It is a general understanding that the 
resultant characteristics in climatic trends should at 
least be supported by 33 years of meteorological 
observations. However, in the age of humanly induced 
accelarated changes, analysis on a little smaller 
period of available data may also come with the results 
of some reckoning and consequence. (Qureshi and Khan, 
1994) •'•. It has been realised by the Global Change 
Research Programme that even quite smaller trends 
towards warming, drying or additional variability in 
rainfall would have significant and rapid effects on 
natural and managed dryland ecosystems ( Anon, 1991)^. 
However, a good number of studies on climatic 
prodictions are based on the simulation models of 
greenhouse gases. 
1. Qureshi, S. and Khan, N. (1994). "Estimation of 
Climatic Transition in Riyadh (Saudi Arabia) in 
Global Warming Perspective" Geojournal, Vol. 33, 
No.4, p. 423. 
2. Anon.' (1991): " Arid Ecosystems Interactions-
Recomendation for dryland Research in the Global 
Change Research Program, "OIES Report Colorado. 
(04) 
WMO (1986)-^ Simulated a number of possible future 
scenarios, depending upon the rates of emission of 
greehouse gases. Climatic change predictions through 
carbon Dioxide simultation models by NAS (1991)'^ and 
other environmentalists have come out with specific 
elustrations on temperature change, soil moisture 
decline and increased rainfall variability in most parts 
of Africa, Arabian peninsula and Central America in the 
month of January and February. 
Temperarure Regime: 
Climatologists working on physical principles, 
theory, data and experience aquired in part from use of 
the world's most complex environmental models, have 
WMO: (1986) "Report of International Conference on 
Assessment of the Role of Carbon-Dioxide and of 
other Greenhouse Gases in climatic variation and 
Associated Impacts", Austria World Meteorological 
Organization Report No. 661. 
NAS: (1991)," Policy Implication's of Greenhouse 
Warming" National Academy Press, Washington DC. 
(05) 
provided evidence that the world is warming now, soil 
warm much more rapidly in the next decade and soil 
continue to warm for indefinite future unless specific 
steps are taken to stop the accumulation of heat 
trapping gasses in the atmosphere (Woodwell - 1989)^. " 
The Intergovernmental Panel on Climatic Change a United 
Nation's committee of 300 leading Scientist after 
considering all the available data came to a 
conclusion that earth has warmed 0.3°C to 0.6°C during 
the past century" (Hileman, 1992) . However one of the 
studies of IPCC"^  (1990) predicted the global temperature 
Woodwell, G.M. (1989)" The effect of rapid Global 
Warming on Terresterial ecosystem. In Gupta. S. 
and Pachauri, R.K. (eds) Global Warming and 
Climatic Change, New Delhi. 
Hileman, B. (1992)", Web of Intractions Makes it 
difficult to untangled Global Warming Data" 
Chemical and Engineering News Vol. 70, o. 17, pp. 
7-19. 
IPCC: Climate Change (1990) " The 
Intergovernmental Panel on Climate Change 
Scientific Assessment, Combridge University Press 
- Combridge. 
(06) 
increase of 0.3°C per decade. "The world meteorological 
organisation's simulated models on green house gases 
entailed a warming commitment of 0.8 to 4.1°C between 
1980 and 2030 (WMO^, 1986). The slogan of Global 
Warming began in last seventies thats why much of work 
on temperature variability is found after Seventies. 
Krishnan^ (1977) studied the trends in temperature 
and concluded that the summer temperatures have 
generally been more than the upto 1960 and a decreasing 
trend has commenced from 1960's, the maximum 
termperature in winter were more than the normal based 
on the data of 1891-1940. There has been a slightly 
increasing trend since 1961 onwards. Climatic change in 
and around Rajasthan Desert during 20^ century examined 
by Indian Institute of Tropical Meteorology-'-^  (1986-87) 
8. WMO: ( 1 9 8 6 ) , O p . c i t P . 6 6 1 . 
9. Krishnan, A. (1977) " A Climatic ana lys i s 
of the a r i d z o n e of North Western I n d i a " . 
Desertification and its control, ICAR, P. 54. 
10. Indian I n s t i t u t e of Tropical Meteorology (1986-
87). Report (1986-87) . 
(07 ) 
indicated a gradual decreasing trend in the mean annual 
temperature and the Southwest monsoon rainfall in a 
increasing trend. Hansen-'--'- et al. (1981) argued that 
the greenhouse effect theory doesnot explain why-
average global temperature after rising in the early 
part of century fell between 1940 and the mid. 1960's, 
-1 T 
before r i s i n g r ap id ly in the l a s t two decade. Lockwood 
(1988) concluded t h a t a t p r e s e n t t h e r e i s no c l e a r 
evidence of any c l i m a t i c change w i t h i n t h e t r o p i c s 
a r i s ing as the d i r e c t r e s u l t of atmospheric C02 cotent 
during t h i s century . Schlesinger and A. Mi tchel l ^ 
11. Hansen e t a l . (1981) " Cl imate Impact on 
Increasing Atmospheric Carbon Dioxide" Science, 
Vol. 213. pp. 957-66. 
12. Lockwood, J .G . (1988) " Cl imate and c l i m a t e 
v a r i a b i l i t y in Semi-arid Region a t low l a t i t u t d e , 
vol-2 pp 85-120, In Parry e t a l . (eds) " The 
impact of c l i m a t i c v a r i a t i o n s on a g r i c u l t u r e . 
Assessment in Semi-a r id Region, Klwer Academic 
Publishers Dordrecht - Boston - London. 
13. S c h l e s i n g e r , M.E. and M i t c h e l l , J . F . B . (1985) 
"Model p r o j e c t i o n of t he E q u i l i b i r i u m c l i m a t i c 
response t o Inc reased C02 . pp 83-147 . i n Mac 
Cracken, M.C. and Luthur, P.M. eds p r o j e c t i n g the 
c l i m a t i c E f f e c t s of i n c r e a s i n g C02, U.S. 
Department of Energy Report DOE/ER-0237. 
(08) 
(1985) . Ludlow and Muchow"'-^  (1992) have come out with 
specific illustrations on temperature change, soil 
moisture decline and rainfall variability in the most 
part of Africa, Arabian peninsula and central America 
in the month of December, January and February. The 
cause of present and future global warming is believed 
to be due in the part to an anthropogenic (man-induced) 
atmospheric build up of carbon dioxide and infrared-
absorbing trace gases, such as methane, nitrous oxide, 
tropospheric ozone, chlorofluorocarbons (CFCs) and 
water varpour (Jaeger, J. (1988) •'•^. Increases in 
radiatively active atmospheric gases have varied 
sources; chlorofluorocarbons used for refrigration and 
13. Schlesinger, M.E. and Mitchell, J.F.B. (1985) 
"Model projection of the Equilibirium climatic 
response to Increased C02. pp 83-147. in Mac 
Cracken, M.C. and Luthur, F.M. eds projecting 
the climatic Effects of increasing C02, U.S. 
Department of Energy Report DOE/ER-0237. 
14. Ludlow, M.M. and Muchow, R.C. (1992) "Crop 
improvement for changing climate" Paper 
presented in the first International Crop 
Science Congress, Lowa State Centre Ames. 
15. Jaiger, J. (1988) "Anticipating climatic change" 
Environment, Vol. 30, No. 7 PP. 12-33 
(09) 
a i r conditioning (Rowland 1990)-^°. Carbon dioxide from 
the cotnbustion of f o s s i l fuels (Hall 1989)-^ and from of 
defores ta t ion (Houghton 1990) ° and biomass burning, and 
methane from a g r i c u l t u r a l p r a c t i c e s ( e . g . r i c e , 
padd ies ) and rumminants (Blake and Rowland 1988)-^^. 
Kuo et al^° (1990) s t a t ed tha t within the l i m i t s of 
ava i l ab le measurements researchers ca l cu la t e t h a t the 
mean annual temperature has s t e a d i l y increased by about 
16. Rowland, F . S . (1990) " S t r a t o s p h e r i c ozone 
depl i t ion by CFCs" Ambio Vol. 19. No. 6 and 7, pp. 
281-292. 
17. Ha l l , D.O. (1989) " Carbonflows in b i o s p h e r e : 
presetn & fu ture . Journal of Geol. Soc. London, 
Vol. 248 pp, 212-215. 
18. Houghton, R.A. (1990) "The global e f f e c t s of 
t rop ica l :de fo res t a t ion" Envir. Sci.Technol, Vol-344 . 
No. 6267, PP- 414-422. 
19. Blake, O.R. Rowland, F . s . (1988) " Continuing 
World wide increase in t ropospher ic methane, 1978-
1987, Science, vo l . 239, pp-1129-1131. 
20. Kuo, C. e t a l (1990) " Coherence e s t a b l i s h e d 
between a tmospher ic ca rbond iox ide and g l o b a l 
temperature" Nature, Vol. 343, No. 6260, pp. 709-
714. 
( 1 0 ) 
0.55°C during the pas t century. Angell (1990) suggests 
however, t h a t when t h e warming e f f e c t s of El Nino 
currents are removed from the data the i nc rease in 
global a i r temperature recorded during the p a s t 30 
years reduced by about a t h i r d . Never th less warming 
during 1987, for example, was a t t r i b u t e d to more than 
0.4°C temperature r i s e a t low l a t i t u d e s (23 . 6°N-23 .6°S) 
which encompasses a l l of the wes t e rn I n d i a n Ocean 
region (Hansen and Lebedeff^^ 1988). Jones and Wigley^^ 
1990) compared the temperature r i s e s ince ice age with 
recent trend and find tha t the p ro j ec t ions have been 
made of a global mean temperature increase of 0.8-2.6°C 
21. Angel l , J .K . (1990) " V a r i a t i o n i n g l o b a l 
t ropospheric temperature a f t e r adjustment for the 
El Nino i n f l u e n c e - 1958-1989, Geophysics Res. 
Lett., Vol. 17, No. 8 pp 1093--1096. 
22. Hansen, J . and Lebedeff, S. (1988) "Global 
Surface a i r temperatures: update through 1987. 
Geophysics Research Letters.. Vol. 15 No.4 pp. 
323. 
23. Jones , P.D. and Wigley, T.M.L. (1990) "Global 
warming t rends" Scientist America, v o l . 263, No.2, 
pp. 84-91. 
( 1 1 ) 
over the next century. Climate models indicate that 
during the next 3 0 years regional warming should be 
detectable and concentrated in areas of Indian Ocean 
generally near the equator. (Hansen ^^ et al. 1988). 
Nasa Scientist Hansen ^ annonced at United States 
Senate's floor on June 23, 1989 that Global warming has 
begun, Subramanium and Vinayak ^^ (1990) studied the 
trends of summer maximum and winter minimum temperature 
of two stations of Kerala. The study is based on 57 
years data from 1931-87 after a long process, author 
lastly concluded that there has not been any over all 
24. Hansen, J. et al (1988) "Global climate changes as 
forecast by Goddar Institute of space studies 
three-demensional model. Journal of Geophysics, 
Research" Vol. 93, No. D8, pp-9341-9364. 
25. Hansen, J.E. (1989) "The Greenhouse Effect: 
Impact on current Global Temperature and Reigonal 
Heat Wave" Testimony before the Committee on 
energy and natural Resources, US Senate, June -23 
1989. 
26. Subramanium, A and Vinayak (1990) "Trends of 
temperature change: A case of Kerala" Annals of 
NAGI, Vol. 10, No. 1 & 2 PP. 14-26. 
(12) 
increase of summer maximum and winter minimum 
tempratures. 
Grainger (1990)^'^ stated that most of the models 
forecast that the temperature in the drylands are 
likely to be smaller than those for areas at medium and 
high latitude. Karl^^ (1991) found that mean monthly 
maximum temperature had a little change as compared to 
mean monthly minimum temperature. Subramanium^^ (1992) 
on the basis of the study of decadal variation of 
various parameters of climate concluded the climatic 
shift and rate of climatic change (decadal frequency) 
in Andhra Pradesh, Maharashtra and Rajasthan. Since 
27. Grainger, A. (1990) "The threatening Desert-
Controlling Desertification" Earthsean 
Publications, London. 1990. 
28. Karl, T.R. (1991) "Global Warming Evidence for 
Asymmetic Diurnal temperature change "Geophysics 
Research Letter, Vol. 18, No.2, pp. 2253-2256. 
29. Subramanium, A.R. (1992) "Climatic variability in 
India" Annals of NAGl, Vol. 12, No. 1 & 2, PP. l-
15. 
(13) 
Grassland p r o d u c t i v i t y i s based on n a t u r a l c l i m a t i c 
c o n d i t i o n s , changes in c l i m a t e s a r e r e f l e c t e d in 
production as indica ted m the ar idzone. Monastersky^" 
(1992) s ta ted tha t the findings of noctural warming are 
further subs tan t ia ted by a study of temperature records 
in the United S t a t e s , China, and the former Soviet 
Union which showed tha t most of the warming in these 
regions in the l a s t 40 years has occurred a t n igh t with 
day time temperatures staying about the same through 
the decades. This could be ra ther important in terms of 
understanding the impact of greenhouse warming (Karl^-^ 
e t a l . 1992) . In view of the newly reported inc rease 
in night temperature {Hansen-^^ 1992) a lso subscr ibes to 
the idea of greenhouse r ad ia t ive warming. Qureshi and 
30. Monastersky, R. (1992), "Warming wi l l hu r t Poor 
Nations Most. Science News, Vol. 142, No. 8, P-
116. 
31. Karl, T.R. e t a l . (1992), " Hot Nights in the 
Greenhouse," Science, Vol. 258, P. 683. 
32. Hansan, J . (1992) " Poten t ia l Climatic impact of 
Mount P ina tubo Erupt ion" Geophysical Research 
Letter, 19, No. 2, PP. 215-218. 
( 14 ) 
Khan-'-^  (1994) analysed 26 years climatic data at two 
stations respectively in Saudi Araba; and concluded that 
trends of increasing temperatures were observed at both 
the stations. Showing the warming hike in presumably 
due to lowr temperature regime from 1959-1965 which was 
found in accordance with the global temperature tredns 
during 1940's to 1960's. Alvi-^ '* (1994) anlaysed the 
climatic data of Sudan and stated that mean annual 
temperature are rising at a rate of 0.8°C to 2.1 °C 
per hundred years in Sudan and the decline in reainfall 
between 1.17 to 2.48 mm per year. These changes are 
affecting the ecology and causing increased 
desertification particularly in and around Sahara. 
Alvi^^ (1994) analysed the climatic data of thirty 
years and concluded that the average of mean monthly 
33. Qureshi, s. and Khan, N. (1994), Op.cit., P. 428. 
34. Alvi, S.H. (1994) " Climatic changes. 
Desertification and Republic of Sudan," 
Geojournal, Vol. 33, No.4, pp. 393-399. 
35. Ibid, 1994, PP. 393-399. 
(15) 
temperatures of the three respresentative stations 
refelects a rising trend. Further, He processed mean 
annual temperature for the last fifty years and got the 
same rising trend. 
RAINFALL VARIABILITY 
Banerji^° (1952) observed that there had been a 
slight decrease in rainfall during the last 50 years 
ending in 1950 in Rajasthan except at the station 
situated in Arvallis. The rainfall conditions seemed to 
have maintained their standards in the Arvalli 
mountains because of an additonal orographic support 
and also due to the good vegetation cover which helps to 
induce the rainfall mechanism. But this statement has 
ending in 1950 in Rajasthan except at the station 
situated in Arvallis. The rainfall conditions seemed 
36. Banerji, S.K. (1952) " Weather factors in the 
creation and maintainance of Rajputana desert " 
Bulletin of National Institute of Science, India 
PP-153-166. 
(16) 
to have maintained their standards in the Arvalli 
mountains because of an additonal orographic support 
and also due to the good vegetation cover which helps to 
induce the rainfall mechanism. But this statement has 
been disproved by various scholars. Pramanik et al^ 
(1952) analysed the 70 years meteorological data in 
Rajasthan and indicated no significant chagne in 
rainfall, temperature, humidity and wind velocity over 
the desert area, Raikes and Dyson-^ ° (1961) . Railces-^ ^ 
(1964) and Dales (1966) drew similar conclusions that 
37. Pramanik et al (1952) "Meteorological conditions 
in the extension of Rajasthan Desert. BNIS, India-
1. 
38. Raikes, R.L., and Dyson, R.H. (1961) " The Pre-
historic climate of Baluchistan and the Indus 
valley" American Anthropologist, Vol. 63 No.2 P.4. 
39. Raikes, R. L. (1964)" The end of ancient cities 
of the Indus "American Anthropologrist , vol. 66, 
No.2 pp. 284-299. 
40. Dales, G.F. (1966) " Recent trends in the pre and 
proto-historic archeology in South India " 
Proceeding of American phill Society, Vol. 110, 
No.2 pp-130-134. 
(17) 
there was no appriciable climatic change in south Asian 
region during the last four to five thousnad years. So 
that the more remote areas to the north became 
vulnerable to outside pressure. Krishnan (1968) 
classified the arid and semi-arid zone of India by 
utilizing not only the normals of the meteorological 
observations but also those of the provincial rainguage 
stations which are considerably numerous and studies 
the trends of rainfall characteristics. Koteshwaram and 
Alvi'*^  (1969) and Bhargava and Bansal'^^ (1969) have also 
studied the similar secular trends and periodicities in 
the monsoon and annual rainfall of selected stations in 
41. Krishnan, A. (1968) " Distribution of arid areas in 
India "Proceedings of Symposium on arid zone, 21st 
International Geography Congress Jodhpur, 11-19. 
42. Koteshwaram, P. and Alvi, S.M.A. (2 969) " Secular 
trends and periodicities in rainfall at west coast 
station in India" Current Sceince, Vol. 38, 
No.10, pp. 229-231. 
43. Bhargava, B.N. and Bansal, R.K. (1969), "A 
quasibiennial oscillation in precipitation at 
Indian station", Indian Journal of Meteorology and 
Geophysics, vol. 20, No.2 PP 12 7-128. 
(18) 
India. Winstanley^'* (1973) while dealing with the 
aridity in the Sahel zone, established a 200 and 700 
years of harmonic cycle in the behaviour of rainfall 
and concluded the Bikaner and Jodhpur also have similar 
cycle. During the sixties and Seventies climatic 
studies were correlated with the ecosystem and various 
components of the ecosystem. Kaushik et al (1969) 
observed the correlation between climate and shrub 
species particularly in the arid and semiarid zone of 
India. Agarwal (1974) worked out the variability and 
trend of annual rainfall in Chhattisgarh region during 
1926-1960 and analysed the variability of rainfall in 
44. Winstanley, D. (1973) " Recent rainfall trend in 
Africa and Middle East and India ", Nature, Vol 
243, No.2 pp. 464-465. 
45. Kaushik, R.C. et al . (1969) " Himoclimes and 
introduction of trees and shrubs witn special 
refrence to the arid and semi - arid zone of 
India". The Indian Forester, Vol. 95, No.5, PP-
283-292. 
46. Agarwal P.c. (1974). "Variability and trends of 
annual rainfall in the Chhattisgarh region", 
Madhya Pradesh" Proceedings of the IITM Symposium 
on tropical monsoon, Pune, PP 465-469. 
(19) 
general is from moderate to high but the spatial 
pattern of ranfall variability is too complicated to 
show by any significant relationship with either the 
topography or the direction of monsoon wind. Krishnan 
(1977) recognised that decreasing trend of rainfall 
started from 1956 to 1969 and increased thereafter. The 
only exception to this pattern was Churu where the 
reverse appears to have taken place. To a certain 
extent this feature is noticiable in respect of 
Jhunjhunu also. Krishnan'*^ (1977) studied the trends in 
the frequency of occrrence of highly diffident rainfall 
weeks during the rainy season and concluded that the 
number of such drought striken weeks increased during 
1961-71 as compared with that during 1951-61. The 
exceptions to this trend was certain northern stations 
such as Churu, Ganganagar, and Jhunjhunu. Ahmad and 
47. Krishnan, A. (1977), Op.cit. P. 52 
48. Ibid, P-53 
(20) 
Qureshi"*^ (1969) studied some aspect of the Indian 
agroclimatology. They have discussed a case study of 
Thar region of Rajasthan. The work carried out by the 
Indian Meteorological Department has been reviewed. All 
the climatic factors for years having excessive and 
deficient rainfall, annual water surplus and deficit, 
frequency of drought weeks and variability of ranfall 
were examined. 
Singh and Panday^^ (1984) observed the increasing 
trend in annual rainfall over various stations except 
over Bikaner and Bharatpur. The probable maximum 
precipitation or extreme point rainfall for one day 
duration over different stations have been estimated by 
Harshfield's Statistical method. For this the 30 yearly 
49. Ahmad, A. and Qureshi, M.H. (1979) " Some aspect 
of Indian Climatology" CSRD occasional paper. Vol. 
10, No. 22, pp. 1-25. 
50. Singh, N. and Panday, B. (19 84) " Trend and 
Probable maximum precipitation over Rajasthan" 
Geographical Review of India. Vol. 46, No.l, PP. 
58-66. 
(21) 
moving averages of annual r a i n f a l l of 19 s e l e c t e d 
s t a t i o n s from d i f fe ren t pa r t have been worked out by the 
l e a s t square method using data of 25 s t a t i o n s from 1901 
to 1980. I t has been observed tha t the inc reas ing r a t e 
of r a i n f a l l was not uniform throughout t h e s a t e . 
Sharma^-^ (1986) ca r r i ed out a Schematic study of 25 
monsoons in Rajasthan based on r a i n f a l l data dur ing the 
p e r i o d 1961-1985 i n d i c a t e d t h a t a r e a s of h i g h 
p r e c i p i t a t i o n namely Kota, Bundi, J h a l a w a r , Sawai 
Madhopur, Chit torgarh, Bhilwara and Udaipur were not 
receiving the i r normal r a i n f a l l . The average monsoon 
r a i n f a l l has come down from 535 to 524 mm i . e . only 2% 
during the past 25 yea r s . Dauly and Henery^^ (1987) 
ana lysed the 80 y e a r s (1901-1980) r a i n f a l l d a t a of 
51 . Sharma, S.N. (1986) " Twenty Five monsoons in 
Rajasthan 1961-1985, A Schematic study" Irrigation 
Department, Govt, of Rajasthan. 
52. Dauley, H.S. and Henery, A. (1987) " D e s e r t 
Ecologica l envi ronments and t h e i r management 
Systems for opt imising crop plant product ion" , The 
Geographer, Vol. 34, No.2 , pp. 26-38. 
( 2 2 ) 
typical desert district Jodhpur and concluded that the 
monsoon normally sets in last week of June and 
widthdrows by the second week of September. This limits 
of the moisture availability period in the crop growing 
season to nearly 75-80 days and restricts the choice of 
crops that can be grown in the region. Chaudhry^-^ et al. 
(1987) studied that the rainfall in the buffer zone 
between 30 and 50 cm isohyet is experiencing any 
systematic decreasing trend. 
Study of water balance does not support the view 
of any climatic shift. Ramashastri and Vibha^"^ (1989) 
made a decadal study of rainfall trends in east 
Rajasthan and concluded that except Swai Madhopur none 
of the rainfall series indicated the presence of any 
53. Chaudhry, A. et al. (1987) " Extension of Thar 
Desert-A myth or reality? Part-I, Analysis of 
rainfall" Mausam, Vol. 36, No.2 pp. 163-170. 
54. Ramashastri, K.S. and Vibha, J. (1989)" On the 
trend and periodicities of rainfall in some 
district of Rajasthan" Annals of Aridzone, vol. 
28, No. 3 and 4 PP - 207-214. 
(23) 
trend or persistence. Manabe and Wetherland ^^ (1987) 
stated that several model projections of climate trends 
in response to greenhouse warming have shown lower 
precipitation, more below normal ranfall years and 
shifts in the timings of rain in the interior of large 
continents. 
Anon^^ (1987) argued that over the last thirty to 
forty years a significant decline in rainfall in the 
northern half of Africa and the middle east on the one 
hand and an incrase in ranfall in the mid-latitude 
region such as Europe and the U.S.A. on the other hand 
could be attributed to the increase in greenhouse 
goses. The pridiction of climatic change at regional 
level precision is still subject to great uncertainty. 
55. Manabe, S. and Wetherland, R.T. (1987) " Reduction 
in Summer Soil Wetness Induced by an Increase in 
Atmospheric Carbon Dioxide" Science, Vol. 232, pp. 
626-628. 
56. Anon (1987) " Wetter Weather Linked to Greenhouse 
Effect, New Scientist, Vol. 27. 
(24) 
Precipitation changes more important for us are 
particularly uncertain although it has been suggested 
that precipitation will increase in the monsoon region 
of Asia. An important factor for this uncertainty is 
the scenarios for future C02 emission from enercfy 
sources. Also cement productin and deforestation span a 
broad range of future: the highest estimate for 2100 is 
more than 7 times that of the lowest estimates. (IPCC^ 
1992) , Qureshi and Khan ^^ (1994) analysed the 26 yars 
meteorological data and came to conclusion that the 
projected trends of both a decrease as well as shifts in 
timings of rainfall in Saudi Arabia. Alvi^^ (1994) 
analysed the climatic data of Sudan and came to 
conclusion that the declining trend of rainfall 
between 1.17 to 2.48 mm per yar, has been observed in 
57. IPCC-1992, Suppliment, Geneva, Feb. 19 92. 
58. Qureshi,S. and Kha, N. (1994), Op.cit. P. 425-26 
59. Op.cit., (1994), PP. 425-426. 
(25) 
Sudan. The changes are affecting the ecology and causing 
increased, desetification particularly in and around 
Sahara. 
Jaeger^^ (1988) stated taht the forecasts of 
regional precipitation patterns are among the most 
difficult of the major climatic variables. Within the 
precision of the climate models, however there is a 
suggestion of an enhance event of intense rainfall in 
the already rainy lower latitudes. 
RELATIVE HUMIDITY: 
Although a change in relative humdity is a 
function of complex interactions among several climatic 
variables. However, it is generally known that some 
linear reltionship of change does exist between 
relative humdity and temperature particularly in the 
month and areas with higher average reltive humidity. 
60. Jaeger, J. (1988) " Anticipating climate change" 
Environment vol. 30 No. 7, pp. 12-15. 
(26) 
Raval and Ratnanathan (1989) used observational data 
to show a relationship between temperature and humdity 
and concluded that an incrase in water vapour is one of 
the main positive feedbacks in the atmosphere 
amplifying the enhanced greenhouse effects. Gutzler^-^ 
(1992) found that both temperature and specific humidity 
have incrased throughout the troposphere since the mid -
19'70's. Specific humdigy change in the tropics is shown 
to be a sensitive indicator of longterm climatic change. 
Qureshi and Khan°^ (1994) studied the regression trends 
of mean maximum and mean minimum relative humdity in 
Saudi Arabia and obseved that a positive percentage 
transition in mean maximum relative humdity and a 
61. Raval, A. and Ramanathan, V. (198 9) " 
Observational Deterination of Greenhouse Effect" 
Nature, Vol. 342, pp. 758-761. 
62. Gutzler, D.S. (1992) "Climatic variability of 
temperature and humdity over the tropical western 
Pacific" Geographical Research Letter, Vol. 19, 
No. 15, pp. 1565-1598. 
63. Op.cit, 1994, PP. 429-30. 
(27) 
n e g a t i v e t r a n s i t o n i n mean minimum r e l a t i v e h u m i d i t y . 
A l t h o u g h some h e t r o g e n e i t y a p p e a r e d . 
WIND VELOCITY: 
K r i s h n a n ° ^ ( 1 9 7 7 ) made a d e t a i l e d s t u d y of 
c l i m a t i c c o m p o n e n t s a n d c l i m a t i c v a r i a b i l i t y a n d 
r e c o g n i z e d t h e s e c u l a r d e c r e a s i n g t r e n d i n t h e wind 
s p e e d w h i l e s t u d i e d t h e d a t a of 1 8 9 7 - 1 9 7 5 . Q u r e s h i and 
Khan°^ (1994) s t u d i e d t h e wind v e l o c i t y i n S a u d i A r a b i a 
and S t a t e d t h a t t h e mean mon th ly wind v e l o c i t y a t 2 
m e t r e s h e i g h t s h o w e d a n a n n u a l a s w e l l a s m o n t h l y 
d e c r e a s e f o r a l l month e x c e p t November, w h i c h showed a 
minimum t r a n s i t i o n t h o u g h r e g r e s s i o n t r e n d b e a r a n 
i n t e r e s t i n g l i n e a r r e l a t i o n s h i p w i t h t h e c h a n g e s i n 
S u n s h i n e d u r a t i o n . 
6 4 . O p . c i t . , 1977 , P . 53 
6 5 . O p . c i t , 1994, P . 430 
( 28 ) 
Sxinshine Duration and Pan Evaporation: 
Reddy and Rao (1976) studied the radiation and 
evapo-transpiration distribution over India through 
estimation of total solar radiation, net radiation and 
pan-evaporation based on empirical formula developed by 
the authors. The calculations are based on hours of 
sunshine length of the day, number of rainy days and 
the relative humidity. It is concluded that all the 
three parameters, the total solar radiation, net 
radiation and pan-evaporation are indipendent of 
latitudes in peninsular India. Hileman° (1992) made a 
detailed study since 1950's and observed that the 
cloudiness has increased by few percent in the U.S. and 
in the past few years it has suddenly escalated in 
66. Reddy, S.J. and Rao, K.R. (1976) " Radiation and 
Evaporation distribution over India" National 
Geographical Journal of India" Vol. 22, No. 1&2^ 
PP. 54-63. 
67. Hileman, B. (1992)" Web of Interactions makes it 
difficult to untangle Global warming Data" Chemical 
Engineering News, , Vol. 70, No. 17, PP 7-19. 
(29) 
Australia. Chahine^^ (1992) stated that a reduced 
sunshine could be indirectly related to an inrease in 
humidity because small changes in the amount of water 
vapour on all scales produce significant change in 
cloudiness and hence radiation. Qureshi and Khan°^ 
(1994) stated that the regression trends indicated an 
overall reduction in sunshine druation, while studying 
the climatic transition in Saudi Arabia. An interesting 
feature of Sunshine reduction is that it has decreased 
for all the months in contrast to the increase in 
absolute monthly maximum and mean monthly maximum 
temperature which are the trends of daytime temperature. 
CLIMATE AND ECOSYSTEM: 
In the early fifties great concern was expressed 
over the reportedly rapid spread of Rajasthan desert 
68. Chahine, M.T. (1992) " The hydrological cycles and 
its influence on climate" Nature Vol. 359, PP. 
373-380. 
69. Op.cit., 1994, P. 430. 
(30) 
into the hitherto firtile tract towards east and the 
northeast. The planning Commission Report during the 
First Five Year Plan"^ ^ (1951) remarked that recent 
topographical survey shows that the Great Indian Desert 
has been spreading outwards in a great convex are 
through Ferozpur, Patiala and Agra towards Aligarh and 
Kasganj at the rate of about half a mile per year for 
the last 50 years and encroaching upon approximately 50 
square miles of fertile land every year. However, the 
apprehension about the expansion of the desert did not 
find evidence from the ground surveys conducted by a 
large number of earth Science experts. The alleged 
expansion of the desert however succeeded in raising 
the alarm on environmental awareness of this region 
which is potantially threatened by a rapid population 
growth and high population densities (by any desert 
standards) and the over use of the land resources. The 
70. Report of the Planning Commission of the 
Government of India in First Five Year Plan (1951-
56) . 
(31) 
desert deterioration and desert expansion is attributed 
to the climatic changes triggered by the unprecedented 
rate of human interference in the biosphere. Ghosh'•'-
(1952) stated that the desert condition had 
deteriorated as compared with conditions obtaining 
during the period of Herappan culture and by same 
measures in relation to later cultures since the World 
War II also which flourished in North Western Indian in 
early centuries. Later on similar views were expressed 
by Wadia"^ ^ (1960) and Wheelar"^^ (1966) . 
During the sixties and seventies climatic 
studies were correlated with the ecosystem and various 
71. Ghosh, A. (1952) " The Rajputana desert - Its 
archeological aspect", In: Hora, S.C. (ed) 
Symposium on Rajputana Desert. Bull, of National 
Inst of Science: India. 
72. Wadia, D.N. (I960)" The post-glacial desiccation. 
Central Asia: Evolution of Asia," Naitonal Instt. 
of Science, India, Monograph, Delhi. 
73. Wheelar, S.M. (1966) "Civilization of Indus Valley 
and beyond" London, Thomes and Hundson. 
(32) 
components of the ecosystem, Kaushik ^ e t a l (1969) 
observed a c o r r e l a t i o n between cl imate and shrub spec ies 
p a r t i c u l a r l y in the a r i d and semi-aridzone of Ind i a . 
Saxena^^ (1977) i n d i c a t e d t h a t over e x p l o i t a t i o n of 
natural vegeta t ion by over grazing removal of t r e e s and 
the cu l t i va t i on of marginal lands l i k e sand dunes, have 
resul ted in a s e r i e s of ecological changes in western 
Rajasthan and t h a t dese r t formation i s p r i m a r i l y due to 
such changes. Prakash and Gupta ° (1976) c a r r i e d out an 
ecological survey of the extremely a r i d region l oca t ed 
i n the wes te rn bu lge of J a i s a l m e r d i s t r i c t of 
Rajasthan. 
74. Kaushik, R.C. e t a l . (1969) " Himoclimes and 
i n t r o d u c t i o n of t r e e s and shrubs w i t h s p e c i a l 
r e f e r e n c e t o t h e a r i d and s e m i - a r i d zone of 
Ind ia" . The indiem. Forester, Vol. 95. No.5, pp. 
283-292. 
75. Saxena, S.K. (1977) " Desert formation due to 
e c o l o g i c a l changes in the v e g t a t i o n of I n d i a n 
Desert" . Aanals of Arid zone, Vol. 16, No. 3 pp. 
367-373. 
7 6 . ' Prakash, I . and Gupta, R.K. (1976) " An e c o l o g i c a l 
e x p l o r a t i o n of an ex t remely a r i d t r a c t of 
Rajasthan". Indian Journal of Ecology, Vol. 3, 
N o . l , PP. 1 1 - 2 1 . 
( 3 3 ) 
The peculiar feature of the tract are described and the 
intense relationship between landscape, vertebrate 
fauna and flora discussed five natural regions based on 
landscape characteristics and indentified. Ramanarao 
(1983) analysed the important climatic factors i.e. 
temperature and humidity which directly influence the 
7fi 
human activity in the arid Rajasthan. Mukherji ° (1986) 
analysed the genesis of Indian monsoon and its 
relationship with vegetation and desert. He also 
examined the factors influencing rainfall and its 
vegetation bearing in the desert. The author pointed 
out that the answer to drought conditions does not lie 
in the natural but authropogenic factors. Dauley and 
77. Ramanarao, B.U. et al (1983)" A notes on Human 
discomfort due to excessive heat and humdity in 
arid region of India" Annals of Arid zone, Vol. 22, 
No.l, PP. 37-39. 
78. Mukherji, K.N. (1986)" Genesis of the Indian 
monsoon Relationship with forest and Desert" 
Indian Journal of Landscape System and Ecological 
studies, Vol. 9, No. 2, PP. 58-62. 
(34) 
Henery'^^ (1987) analysed the 80 years (1901-80) 
rainfall data of typical desert district Jodhpur and 
concluded that the moisture availability peirod in the 
crop growing season is nearly 75-80 days and restricts 
the choice of crops that can be grown in this region 
Singh^^ (1987) analysed fourteen major Ecosystems 
(landscape) created by endogenic and climatically 
controlled exogenic processes operated over various 
rock types. The fluvial processes created vast alluvial 
plains under prolonged wet phase. The sanddunes and 
sandy plains were formed by aeolion processed during 
Che prolonged dry phase. Oppenheimar°-^ (1988) stated 
that the climatic change due to anticipated greenhouse 
79. Dauley, H.S. and Hanery, A. (1987)" Desert 
Ecological environments and their management 
system for optiming crop-plant production " The 
Geographer, vol. 34, No. 2, pp. 28-3 8. 
80. Shingh, S. (1987)" Ecological impact of irrigation 
on biophysical potential of landforms (Ecosystems) 
of Rajasthan deserts " The Geographer, Vol. 34, 
No. 2 PP. 37-45. 
81. Oppenhiemar, M. (1988) "Climatic change ecosystem 
and society" In Gupta, S. and Pachauri, R.K. (eds) 
Global wanning and climate change, New Delhi. 
(35) 
warming w i l l a f f e c t ecosystems th rough changes in 
t e m p e r a t u r e , p r e c i p i t a t i o n ; s o i l m o i s t u r e s torm 
8 2 frequency and i n t e n s i t y and sea l e v e l . Schne ider 
(1989) recognised the global c l ima t i c change caused by 
increased atmospheric t r ace gas loading i s expected to 
cause a va r i e ty of d i r e c t and i n d i r e c t impact. These 
impacts include r i s i ng sea l e v e l s , changes in storm 
c o n d i t i o n s , changes in p r e c i p i t a t i o n p a t t e r n and 
a l t e r a t i o n of ocean c i r c u l a t i o n p a t t e r n . 
I n c r e a s e s in ca rbondiox ide may i n f l u e n c e world 
ecosystem in undetermined way through d i r e c t e f fec t s on 
s p e c i e s development and growth (Bazzaz 1990)^-^. The 
carbon dioxide content of the atmosphere has increased 
by r ea r ly 25% since the i n d u s t r i a l revo lu t ion of 1860 
82. Schne ider , S.H. (1989)" The changing c l i m a t e " . 
Scientist America Vol. 261, No. 3, PP 70-79. 
83. Bazzaz, F.A. (1990) "The r e s p o n s e s t o n a t u r a l 
ecosystem to the r i s i n g global CO2 leve l" A. Review 
Ecological Systematics, Vol. 21, PP. 167-196. 
(36) 
(Schneider 1987)°'* and by more than 9% during the past 
30 years (Rowland 1988)^^. Jones and Kelly (1988)^^ 
analysed that the changes in climate are the norm when 
one studies the history of the earth. These changes 
include or emanate from the glacial epochs, volcanic 
activity variation in the solar evergy and the 
contemporary climatic variation of the EL. 
Nino/Southern oscillation. Examination of paleoclimatic 
records illustrates considerable natural and spatial 
variability which makes long-term (20-100 years) 
forecasting of climatic changes highly uncertain. 
84. Sachneider, S.H. (1987) " Climate modelling" 
Scientist America, Vol 256, No. 5, PP. 72-80. 
85. Rowland, F.S. (1988) " Chlorofluorocarbons 
stratospheric ozone and the Antarctic ozone hole" 
Environmental Conservation, Vol. 15, No.2, PP. 
101-115. 
86. Jones, P.D. and Kelley, P.N. (1988) " Cause of 
interannual global temperature variation, over the 
period since 1861, In; Long and Short Term 
Variability of Climate, PP- 18-34, In (eds) 
Wanner, H. and Siegenthaler, V. Lecture notes on 
earth Science No. 16, Springer, New York. 
(37) 
Emanual^"^ (1987) emphasizes t h a t as c l i m a t e 
changes the s i ze of t h i s warm pool w i l l be a l t e r e d , 
p o t a n t i a l l y changing the frequency of o c c u r a n c e , 
i n t ens i ty , magnitude and paths of cyclonic s torms and 
seasonal monsoon. As g loba l ocean and a t m o s p h e r i c 
t empera tu res i n c r e a s e , a tmospher ic s t a b i l i t y w i l l 
decrease and r e s u l t in an ampli f ic t ion of storm a c t i v i t y 
in some loca l e s , experimental evidence sugges ts t h a t for 
the wes tern I n d i a n Ocean, as e l s w e h e r e , c y l o n i c 
a c t i v i t y r e l i e s on the breath of the pool of sea water 
warmer than 26°C (Emanuel 1988)^^. 
Gable et a l^^ (1990) s ta ted tha t some a s p e c t s of 
g loba l c l i m a t e change t h a t appear c r i t i c a l t o t h e 
87. Emanual , K.A. (1987) " The d e p e n d e n c e of 
Hurr icane i n t e n s i t y on c l i m a t e " , N a t u r e , V o l . 326 
No. 6112, PP. 483-85 . 
88. Emanual, K.A. (1988) " Toward a g e n e r a l Theory of 
Hur r i canes , American Scientist. Vol . 76 PP - 371-
379. 
89. Gable, F . J . e t a l (1991) " Global env i ronmen t 
change I s s u e s i n the Western I n d i a n Ocean Region" 
Geoforum, Vol . 22, No. 4, PP - 401-419 . 
(38) 
western Indian Ocean region include; (l) Alteration in 
meteorology, specially the increase inland and sea 
temperatures (2) the frequency, path and intensity of 
storms. (3) patterns of precipitation and the monsoon 
storm climate and (4) the potential rise in the relative 
sea level. 
(39) 
CHAPTER - II 
GEOGRAPHICAL PERSONALITY OF THE REGION 
FRONTIERS OF THE DESERT: 
Western Rajasthan is situated in the 
northwestern part of India and is the driest region in 
the country. The great Arvalli ranges divides the state 
into western Rajasthan and Eastern Rajasthan. The former 
is largely arid and the later inhabits semi-arid 
characteristics. Out of the total area of 3, 42, 274 
sq.kms of the state about 60% area comes under arid 
environment which accounts for nearly one third of the 
total arid region in the Indian sub-continent. It is 
commonly known as Rajasthan Desert or Marusthali . The 
land locked Indian desert is a summer rainfall region 
Teli, B.L. (1979) "Rainfall trends in drought 
prone area" in Reddy, B.K. (ed) Proceeding of 
of All India Symposium on Drought Prone Area of 
India, P-201. 
(40) 
which is located from 20°3' to 30°12' North latitudes 
and from 69°3' to 76°17' East longitudes. It covers 
about 12% of country's total geographical area. The 
Indian Desert is bounded in the east by the Aravallis 
ranges, where as in the west it merges into the Sindh 
desert of Pakistan. In the north the desert extends to 
Panjab and Haryana states and in south into Gujarat 
state.^ 
This study on Indian desert covers eleven 
districts of Western Rajasthan, namely, Barmer, Bikaner, 
Churu, Ganganager, Jaisalmer, Jalore, Jhunjhunu, 
Jodhpur, Nagpur, Pali and Sikar (Fig. I) . The 
bifurcation of Ganganagar has not been considered 
because of the non-availability of data on the new 
district. Of all the eleven districts except Jhunjhunu, 
Sikar and Pali are the core of the desert and these 
distrcits are relatively less true desert. 
Mertia, R.S. (1992) "Shelter belt Studies in 
Thar Desert in India" in Gupta, I.C. (ed) 
Advances in Aridzone Vol.-I, pp. 1-52. 
(41 ) 
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The desert is a vast undulating plain of sand 
interspersed with hillocks. The area has been subjected 
to marine transgressions in the past and now presents 
interesting geotnorphic formations. The most outstanding 
common characteristics are low latitudes, meagre 
precipitation, high temperature range and constant 
draought. 
RELIEF FEATURES 
Physiographically Western Rajasthan has been 
characterised by a sandy undulated plain dotted with 
isolated hills, sand dunes, earth pillars, rock 
mushrooms and vast sandy lowland. The prominent relief 
features include: 
i. The Aravallis mountain ranges 
ii. The sand dune expanse 
iii. The worn down undeulating plateaux 
iv. The partially buried Allavial plains and 
V. The saline depressions. 
(43) 
A careful investigation of the desert landscape 
reveals that the sand particle in most of the arid areas 
of north western India, especially in Western Rajasthan, 
had their origin in Rann of Kuchchh (kutch) . They were 
brought and deposited by the very high velocity winds 
blowing from the southwesterly direction-^ . The sand 
particles are said to be of marine origin. The aeollian 
forces have produced sand dunes of various size and 
shape in Western Rajasthan. And thus, over 80% area is 
covered by blanked of sand and alluvium varying from a 
few centimetre to 200 metres thickness^. 
In the sutdy area the relief in general, 
increases from west to east and from southwest to 
northeast. In Western Rajsasthan the topography ranges 
from 30 meteres to 350 metres above sea level. The 
general elevation is about 300 metres in northeastern 
3, Panday, S. (1968) " Some Aspect of Geomorphology 
of Indian Aridzone" Symposium on Aridzone, 
Jodhpur, p. 28. 
4. Ibid, p. 28 
(44) 
pa r t but towards south e l eva t ion i s about 150 metres 
only excep t ing the J a l o r e - S i w a n a upland which r i s e s 
above 300 me t re s . There a r e s e v e r a l o t h e r sma l l 
s ca t t e r ed h i l locks making the western edge of the Bagar 
Region. 
General r e l i e f of the region i s deminated by the 
Arava l l i s mountain systems which are the most prominent 
fea ture of the r e l i e f , which separa te Western Rajasthan 
from r e s t of Rajasthan. These ranges run d iagona l ly due 
n o r t e a s t t o southwest d i r e c t i o n from near D e l h i t o 
Palanpur in Gujarat with a t o t a l length of 692 kms. The ^ 
A r a v a l l i being perhaps t h e o l d e s t mountain of t h e 
world°. The Aravall i i s an e f f e c t i v e boundry between the 
a r i d region of western pa r t and f e r t i l e region of e a s t 
Rajputana. The a r id region of Western par t i s covered 
5. Singh, R.L. (ed) (1971) Ind ia - A R e g i o n a l 
Geography, Varanasi, PP. 53-59. 
6. Heron, A.M. (1953) "The Geology of c e n t r a l 
Rajasthan" memories Geologial Survey of India. 
V o l . 79, P . 3 5 . 
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with sand dunes extending from the Great Rann of Kutch 
n 
along Pakistan boarder to Punjab. 
Another important feature of western part of 
Aravalli is that they give rise to nearly all streams 
which rush down the steep slope including Luni system, 
Luni is the only river in Raj as than desert and its 
run-off depends upon the intensity of rainfall. The 
streams are filled with sand dunes to different 
erosional activity which have produced relief features 
along the foot hills of Aravallis. The resultant land 
form is known as Godwar plains. These plains are 
fertile" mostly in the district of Pali, Jalore and 
Nagaur. 
On the west and northeast there is vast 
undulating lowland blanketed with desert sand commonly 
7. Singh, R.L. Op.cit., p. 53-59. 
8. Ahmad, A. (1962) "Human Geography of Indian 
Desert, (Unpublished Ph.D. Thesis) AMU, P. 38. 
(46) 
known as the "Thar Desert" or "The Great Indian 
Desert". The relief of the region displays sandy low 
watered and sterile tract^. Indian Desert has very 
irregular topgrapny towards west of Aravallis. There are 
numerous isolated 'knolls' without any appriciable 
vegetative cover. The region of mallani lavas and 
Vindhyan sand-stone is a noticeable plain in Aravalli 
region. There are small ranges which are parallel off-
shoots in the west in a northeast to southwest 
direction and also occur to the south of Luni river. The 
lofty and largest group which is a continuous mass of 
rocks in west of Arvalli is found in Siwana area 
extends to about 27 kms south of great bend of Luni 
river. They run in east west direction attaining a 
height of over 900 meters. Their arrangement is not 
regular. They are very irregular isolated peaks or 
ridges, separated by broad expanses of sand, which 
suggested that the visible outcrops are remanent of 
9. Panday. S. (1968) Op.cit. p. 28. 
(47) 
a continuous system of h i l l s p a r t l y ba r r i ed in sand"*"^  
The general e levat ion of western sandy low 
watered and s t e r i l e t r a c t va r ies from 150 to 450 meters . 
In t h i s deser t rocky outcrops appear l o c a l l y through 
the sand. The monotony of t he d e s e r t i s somewhat 
minimised by t h e occurance of smal l o u t c r o p s of 
limestone and sandstone in Bikaner and Ja i sa lmer areas 
and some of the Vindhyan formations a l so occur in the 
western s i ^ in Jodhpur region. In the hea r t of the 
sand covered area the bare or sand dune f ree region 
occupying p a r t s of Barmer, J a i s a l m e r and Bikaner 
d i s t r i c t a lso occurs . Geologists and geomorphologists 
believe tha t in the western pa r t s sands were p i l e d up in 
heaps, r idges and sheets superimposing themselves 
over and o b l i t e r a t i n g the p r e - d e s e r t i c f l u v i a l 
topography. The boulder bed of Bap and Pokaran, 
10. La-Touche, T.D. (1920) "Geology of Western 
Rajputana", Memories Geological Survey of India. 
v o l . 35, P . 9 . 
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covering an area of about 150 kms is actually a relict 
attributed to carboniferous glaciation-'--'-. 
Moreover, evidences of marine deposits are found 
in many areas especially in the west. The sea 
transgressions of Permian times extended over, large 
areas in Gujarat but were limited to small areas in 
Western Rajasthan. Arms of sea continued to inundate 
parts of western and southwestern Rajasthan right upot 
the Miocene period. These marine sediments were later on 
overlain by fluvial deposits of the Quarternary period, 
when there took place the last transgression of the sea 
xn these areas. 
The landscape inthe western parts of Rajasthan, 
however, abounds in deserts features such as earth 
pillows, rockmushrooms mesas, knolls, scarps, arches and 
rock cavity^ . Inf act there are the remnant of the 
11. Pandey, S. (1968) Op.cit. p.29. 
12. Basu, S. et al. , "Geology and Groundwater 
conditions of parts of Rajasthan" Bulletin of 
Geological Survey of India, No.20, Ser.B. P. 12. 
(49) 
previous weathering and denudation. 
Saline depressions of large and small size are 
found scattered throughout the western parts of this 
region. Some of them are enclosed by sandhills and sand-
dunes tracts. They are rendered dry in summer months 
but during the rainy season they are filled up by the 
run-off of the surrounding slopes. The topography of 
Western Rajasthan is the result of rapid changes in 
the drainage system, enormous accumulation of loose 
rocky material deepening of the water-table and 
consequent finishing of vegetation and thereby 
accentuation of desertic conditions-^ -^ . 
As already pointed out the slope of Western 
Rajasthan from north to south is gradual. There are 
several hills depressed and degraded in nature. In 
palaeozoic times they stood on the edge of Rajputana. 
13. Raheja, P.C. "Report on the symposium on 
problems of Indian Aridzone "Proceedings of the 
symposium on problems of Indian Aridzone 
(Jodhpur). 1964, P. XVIII. 
(50) 
Here many hillocks are scattered in the western part of 
Bagar. The half of the western portion is covered with 
sand dunes and small hillocks exposed in between. The 
hill ranges attain significant height and are the 
Chappan-ka-Pahar near Siwana 975 metres and Roza hills 
at Jalore 730 metres. •'•^  The mallani rhyolite runs 
northeast southwest direction from north of Chanod 
(Pali district) for about 40 kms with a maximum 
elevation of 660 metres. The Sukri river, however, 
breaks through it in the centre. Another peak occurs 
near the town of Bhadrajan.with a height of 645 metres 
running northeast direction. The mallani lava near 
Jodhpur is a dome-shaped mass which extends 8 to 10 kms 
to the west of the city. It is surrounded by scarps of 
Vindhyan sandstone. The numerous detached conical and 
flat topped knolls to the northwest of the city. A 
number of remarkable examples are zeugen to the east of 
Balasar near the village of Goharilia 18 km northwest of 
14. Jaisalmer to Kara, The Imperical Gazetteer of 
India, Vol. 14, Oxford, 1908, P. 108. 
(51) 
Shergarh. A number of detached hills of mallani lava, 
with no appriciable elvation are found towards 
Pachpadra-^^. The western most districts of Jaisalmer and 
Barmer are covered mostly with sand-dunes. These sand 
hills vary in shape and size. Besides that there are 
several ridges found in this region for example 
Jaisalmer itself stands on low table land. 
In western Rajasthan sand dunes cover 58 
percent of the total area. On the basis of their shape 
and size, which is affected by the direction of 
prevailing winds are vegetal cover, different types of 
dunes have been recognised in this region. Sand dunes 
ocurs in three major chains in theis region : 
a. In western part of Barmer, Jaisalmer and 
Bikaner districts there are dunes often upto 20-
100 metres high and 100-200 metres in width. 
b. In eastern part of Bikaner and Churu districts 
the dunes are composite in nature. 
15. La-Touche, T.D. (1920). Op.cit P. 45. 
(52) 
c. In Jodhpur, Nagaur and other places of eastern 
part of the region, the dunes are discontinuous 
and scattered-^". 
Although western Rajasthan has different types 
of landforms, the region could be classified into three 
belts forming natural zones (Fig. 2) , the controlling 
feature of which are Arvalli hills and the rocky-
terrain. 
(1) The Western Most Belt: 
This is a true desert region with its solid 
geology largely blanketed by sand dunes. This region is 
characterised by high intensity of sand dune as it lies 
in the extreme west and northwest. It comprises over 100 
kms wide extending from the Great Rann in the south 
along Pakistan Boarder to Panjab in the north. This 
region is also known as "THAR". The other important 
16. Qureshi, S. (1986) "Regional Analysis of Dry 
farming in Western Rajasthan" (Unpublished Ph.D. 
Thesis), AMU, Aligarh, P. 40. 
(53) 
FIG 2 
(54) 
characteristics is that the sand dunes are highly-
mobile-^^. This region can further be divided into three 
subdivision. 
(a) Jaisleuner Marusthali: It is the driest region in 
western Rajasthan having extremely adverse environmental 
conditions. The soil of this region is sandy and 
numerous low rocky ridges and hard undulating plains. 
The dunes occupy large tracts covering about 70 percent 
of the area. The sand dunes are of all shapes and sizes, 
varying from 6 to 60 metres in height and being 
sometimes 4kms in length. Many of them are shifting-^^. 
(b) Banner-Phlodi Region: It is also very dry region 
in western Rajasthan. The soil of this region is 
mostly sandy and about 50 percent of total area is 
covered by sand dunes. There are several ridges inthe 
region, which mostly consist of limestone and sandstone. 
17. Chatterjee, S.P. (1973) "The Gazetteer of India" 
Vo. I, Faridabad, P. 34. 
18. Ibid. P. 34. 
(55) 
(c) Bikaner-Churu Marusthali: The land surface of 
this region covers undulating sand hills varying in 
height from 6 to 30 metres. Their orientation largely 
depends upon the direction of the prevailing winds. It 
covers the part of Bikaner and Churu districts. The area 
possibly possesses good reservoirs of water in artesion 
conditions. 
(ii) Little Desert Area -. 
This region is less infested with sand dunes as 
compared to former region. It is drained by innumerable 
short water courses. The rainfall also increases in this 
region from 250 mm to 400 mm. The more fertile tracts in 
this region are called Rohi. Several large patches of 
rohi land occur in the northern and central part of this 
region-^ .^ Thxs region is also known as Bagar region. 
This region can further be divided into four 
subdivisions, 
19. Ibid, PP. 34-35. 
(56) 
(a) Ghaqqar Plain: This region is marked by the 
presence of numerous dry channels of old rivers which 
are flanked by continuous ridges of sand. This region 
has experienced major hydrographic changes in this 
recent past. These plains mostly cover Ganganagar 
district. 
(b) Shekhawati Region; Shekhawati region consists of 
a broken chain of hills, which are off-shoots of the 
Aravalli ranges. These run in a north east direction 
upto Khetri. It is confined to north of Didwana and 
Sambhar Lakes. This region comprises the northeastern 
part in Sikar and Jhunjhunu. This region is most 
important agricultural region of western Rajasthan. 
(c) Nagaur Plain: This is distinguished by an inland 
drainage system, salt lakes and rocky hill surface. It 
is a transitional region between the Luni basin in the 
southeast and comparatively arid northeast Bagar^^. The 
20. Ibid. P. 35. 
(57) 
Sambhar-Didwana region mostly comprises saline soil but 
in Osian region the salinity decreases and fertility 
increase. 
(d) Lvini Basin: The geomorphology of this region is 
the product of both fluvial and aeolian agencies. The 
drainage pattern of this region is linear, sub parallel, 
sub dendritic and radial. The largest concentration of 
the streams is in the piedmont zone and lowest in 
Pachpadra salt basin'^ -^ . The soils of the basin consist 
of mainly gray brown desert, alluvial and sandy 
particles. 
(ill) s^ lb-mo""^ ain zone of Aravalli: 
Aravalli ranges are the most prominant feature 
of relief in the entire study region, which form the 
eastern boarder of the Desert region. The rocks of 
21. Singh, S. et al. , (1975) "Geomorphology of the 
middle Luni Basin of Western Rajasthan, India", 
Annals of Aridzone, Vol.10, No.l, p.l. 
(58) 
Aravalli are tightly folded and highly matamorphosed. 
The arrangement of ranges is m a series of ridges*^^. 
Towards the western margin of hilly upland 
region of Aravalli the slopes are generally between 15-
25 percent and a foot hills the slpes varies from 5 to 
15 percent . On the whole m eastern Region the 
landform is dominated by Aravalli range of barren hill 
and rocky outcrops. Therefore, the gradient of land in 
genral is steep. This is in the districts of Jhunjhunu, 
Sikar, Nagaur, Pali and Western Jalore. 
DRAINAGE SYSTEM 
There is very meagre surface drainage density in 
the Indian Desert. The desert is not traversed by any 
perennial river. Luni, however is the only organised 
drainage system. It is a seasonal river. Many 
22. Spate, O.H.K. (1954) Jndia and Pakistan, 
Methuen London P. 617. 23. Sen, A.K. (1972) 
Agricultural Atlas of Rajasthan, ICAR, New 
Delhi, P. 26. 
(59) 
tributaries of the luni flow in intermittant courses. In 
the exteme west and the interior portion streams are 
ephemeral. They flow a short distance and for a coupleof 
days during the rainy period. Such streams suffocate 
into the sand. 
Since the Indian desert recieves very low and 
eratic rainfall, the nature and characteristics of 
surface water can well be understood. The river traverse 
considerable distance in low rainfall region, with the 
result that they carry very little water. Most of the 
streams originating in the Aravalli have steep gradient 
and end abruptly in the sandy plain of the desert of 
Western Rajasthan. 
It appears that before aridity set in, in 
Western Rajasthan, the streams were alive and carried 
sufficient silt into the sea. With progressive 
dessication, the run-off gradually decreased so that 
streams now flow subterraneally along their dead 
channels the confluence ofthe main channels now from 
(60) 
salt basinsare being formed on the lower reaches of the 
small tributaries. It is obvious that the vanishing of 
river from any region must cause a lowering of the 
water-table and this may ultimately lead to the 
formation of deserts. The most important characteristic 
common to all deserts, is the great depth at which 
ground water table is found so much so that the 
surface vegetation finds it difficult to reach this 
depth. 
There are old rivers in the Indian desert mainly 
the Saraswati, the Ghaggar, the Luni, the Kantli etc. 
Most of these had dried up during historic times. Luni 
is the only river of any consequences in this area. It 
rises in the Arvalli hills near Ajmer at an elevation of 
550 metres above mean sea level. It is first known as 
Sagarmati and after passing Govindgarh in Ajmer district 
it is joined by Sarsuti (Sarasawati) which has its 
source in sacred lake of Paskar and from this point it 
is called Luni^^. The Luni river comming fromthe western 
24, Tod, James (1957), Annals emd Antiquities of 
Rajasthan, Calcutta, Vol.I, P. 13 
(61) 
slopes of Aravallis, flowing towards west - southwest 
direction from its source turns to southwards direction 
near Gol and then flowing more or less straight till it 
enters the Rann of Kutch. 
Luni rivers in most of the areas is merely a 
rainy weather river, its bed is dry everywhere in all 
the seasons except in a few rainy months. The river 
receives the drainage brought by the mountain torrents 
down the western slopes of Aravalli hills between Ajmer 
and Abu, and is a varitable blessing to the southern 
district of Jodhpur. 
The Luni river has length of 42 8 kms and the 
catchment area of 62,500 sq. Kms"^^. The average depth 
is estimated to be 3 metres and width 1150 metres. The 
nature of river is most capricious and erratic. On one 
25. Srivastava, K.K. et al (1979) "Potantial 
evapotranspiration loss and ground water 
recharge in Luni Basin", in Gupta, S.K. and 
Sharma, P. (eds) . Current trend in Aridzone 
Hydorlogy, New Delhi, P. 302. 
(62) 
bank it may be a blessing but the other it may be a 
meance. As far as Balotra the water is generally sweet 
but lower down it becomes more saline in character till 
on the edge of the Rann of Kutch. The river Luni has 
several tributaries(Fig.3). The chief tributraies of 
Luni are Lilri, the Raipur Luni, the Guhiya, the Bandi, 
the Sukri, the Jawai, the Sagi, and the Jogiri. None of 
them is perennial. 
The Ghaggar river once flowed through northern 
part of the old Bikaner state and is said to have 
joined the Indus. Now it is dry except in the rains and 
even then the water rarely reaches more than a 
kilometer or two west of the town of Sadulgarh. The 
Kantlis river originates from the hill near the village 
Gidala in Sikar district and flows towards north and 
finally disappears in sand-dunes near village Rajgarh in 
Churu district. 
(63) 
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CLIMATE OF WESTERN RAJASTHAN: 
The Indian Desert lies in the region of dry 
subsiding air-masses of sub-tropical anticyclones. These 
stable and diverging airmasses generate conditions 
unfavourable for the development of convectional showers 
inspite of intense heat. Thus the climate of Western 
Rajasthan broadly an arid climate which is defined as 
the one where for a greater part of the year, 
precipitation is less than the potential 
evapotranspiration and meets less than one third of the 
annual water need. The aridzone is characterised by 
scarce and highly variable precipitation, extreme 
variations of diurnal and annual temperature with high 
degree evaporation. 
The climate of Western Rajasthan is 
characterised by extreme temperature ranging from 0°C in 
winter to above 50°C in summer. The condition of 
rainfall in this region is meagre and erratic. It 
ranges from below 100 mm in the extreme west to 600 mm 
( 6 5 ) 
in the east. The relative humidity is about 93 percent 
in August and about 10 percent during April and May. 
The average wind velocity is about 3 km per hour during 
December and January and upto 32 km per hour during 
April and May. On the whole the climatic condition of 
Western Rajasthan is arid except only 12% of the 
eastern rim, which is semi-arid. So the whole region is 
7 7 
divided into and and semi and region. The diural 
range of temperature is very high in this region during 
the summer months, powerfull hot dry winds blow in May 
and June. Relative humdity is quite low even lower than 
in the cold season. The value of vapour pressure ranges 
from 10 to 16 mb and wind velocity is quite low. These 
signs show a well marked shift towards the cold 
26. Kaul, R.N. and Chakravarty, A.K. (1968) " Range 
development in Western Rajasthan" Aanals of 
Aridzone, Vol. 7, No. 2, p. 22. 
27. Krishnan, A. (1968) "Delineation of different 
climatic zone in Rajasthan and their 
variability" The Indian Journal of Geography, 
Vol. 3 No. 1 PP. 33-35. 
(66) 
season.^^ All different climatic observations in the 
Indian Desert are characterised by high solar rediation 
from 450 to 550 calories per day pe sq.cm^^. The low 
humidity of the atmosphere for greater part of the year 
and the high winds, sandstorms, duststorms occasional 
hailstorms dew, mist, fog, frost, high evaporation and 
low precipitation are the climatic characteristics of 
the Indian desert^. 
RAINFALL CHARACTERISTICS: 
Indian Desert is a zone of erratic and scanty 
rainfall. However, rainfall is precipitated partly 
from the southwest monsoon by diversion of monsoon 
28. Ahmad, A. (1962), Op.cit. P. 94 
29. Ahmad, E. (1987) " Problem of dryland 
agriculture in India" in Shafi, M. and Raza 
M. (eds) , Dryland Agriculture in India, Rawat 
Publications, Jaipur, P. 27. 
30. Millay, B.N. and Joshi, M.C. (1984) " A study in 
the problem of Rajasthan Desert" Proceedings 
Symposium on Problem of Indian Aridzone, 
Jodhpur. 
(67) 
winds towards the area of low pressure in Pakistan and 
parti by the diversion of wind through the Gangetic 
valley. The onset of southwest monsoon in the peninsular 
aridzone is early June and reaches Western Rajasthan by 
the end of the month or very soon after in early July. 
The parallel alignment of Aravallis, the moisture 
laiden wind meets with no obstruction accounting thereby 
for poor rainfall. There is no fixed rainy season in the 
region. July and August are the principal rainy months. 
About 89% of rainfall occurs during the monsoon months 
from June to September. Rainfall is associated with 
depressions. The first spell of rainfall comes with 
heavy down pour. The actual number of rainy days are 
hardly 10-15 in a year. And out of remaining rainfall 5% 
comes in winter i.e. December to February and 6% comes 
as the scattered rain in the hot dry season-^ -'-. In 
general rainfall decreases from east to west. { ^*^ 3- • 
31. Qureshi, S. (1987) Op.cit. pp. 68-69. 
(68) 
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The rainfall regions of Jodhpur has been 
studied over a long period. An analysis of various 
daily rainfall data reveals the average annual rainfall 
of Jodhpur as 966mm. Most of the rain comes from the 
southwest monsoon. Over 80% of the rainfall is recorded 
during the months of July. August and September. During 
this short rainy season the rainfall reliability is 
op 
highest in the month of July . In the normal monsoon 
takes place by the end of the second week of September. 
This restricts the moiture availability period to about 
47 days. The rain in the area is quite erratic with 
maxima and minima not keeping pace with the average. The 
isohyet map of the arid regions of north indicates that 
che mean annual rainfall varies from less than 100 mm 
in the western sector of Jaisalmer to 600 mm in the 
south eastern part Pali along a generally decreasing 
gradient from southeast to northwest. Year to year 
32. Technical Bulletin (1976): Improved Dryland 
Agriculture for Western Rajasthan. No.l, P.2. 
(70) 
variation of rainfall is considerable. The annual 
rainfall of the state varies from 500tnm to 150 nun with 
the lowest value over extreme Western Rajasthan. The 
year to year variability represented by co-efficient of 
variation is very high which varies from less than 40% 
in Sikar and Jhunjhunu districts. The average annual 
rainfall is 300 mm in Western Rajasthan. As the rainfall 
is not uniformly distributed throughout the region. Thus 
the entire region can be divided into three rainfall 
belts, 
(1) Rainfall zone of 300 - 500 mm in the foothills 
of Aravallis in the east to desert plain in the west, 
comprises the districts of Pali, Sikar, Jhunjhunu, 
Jalore, parts of Jodhpur, Nagaur, Churu and Ganganagar. 
(2) Rainfall zone of 300-100 mm, experienced in the 
central part of the region between arid west and 
humid Aravallis. The districts of the zone are, Barmer, 
Jodhpur, Bikaner Ganganagar, major part of Jaislamer. 
(71) 
(3) Below 100 tnm rainfall occurs in the extreme 
desert along the western boarder of Jaisalmer and Banner 
districts having most duny belt. 
TEMPERATURE CONDITIONS: 
Western Rajasthan experiences an extreme type of 
climate with very cold winter and very hot summer. 
During summers heating begins earlier in the southern 
region than in northern region. In winter the 
temperature falls below freezing point at many places 
and frost occurs, while the summer heat is intense and 
scorching. The desertic tract in western India is not 
only hottest but also an extensive region of India. The 
dryness of atmosphere extensive sandy soils and lack of 
vegetative cover the sudden and very large diurnal 
range of temperature are peculier characteristics of 
the Indian desert. The range of temperature diurnal as 
well as annual in western Rajasthan is very hgih. The 
temperature is ranging from 0°C in winter to above 5 0°C 
(72) 
in summer . In the month of September the diurnal 
range of temperature in the region is ever higher it is 
recorded 14.9°C temperature range in Barmer and 19.2°C 
range in Gangnagar-^^. 
Cold season covers three months from December to 
February, January being the coldest months average 
temperature varying between 20°C and 25°C over the 
region (Fig. 6) . However, lowest minimum temperature 
recorded over the great Indian desert during winter was 
at Jaisalmer (-5.9) in 1972, while the value recorded at 
other stations ranges between -1.7°C and -3.3°C^^. The 
winter minimum temperature ranges from 3°C to 10°C, the 
minimum value of temperature goes to 2.5°C or less over 
same extreme Western parts. ° 
33. Kaul, R.N. (1968) Op.cit., P. 22. 
34. Ahmad, A. (1962) Op.cit., P. 94. 
35. IMD - 1972. 
36. Chauhan, T.S. (1988) Op.cit. P. 45. 
(73) 
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The temperature rises from the month of March, 
the desert becoming the greatest heat source in India. 
During May and June (Figs. 4 & 5) , the hottest month of 
the year day and hot winds {Loo) and dust storms (Andhi) 
occur frequently. The sandy soil of the area, the 
scantiness of rainfall, due to which soil is not compact 
and the occurance of a steep atmospheric and super 
adiabatic lapse rate of temperature between soil 
surface air above _a£e causes—&€—tiiesB cohve^^Tv^e 
phenomena. Mean maximum temperature during the summer is 
40°C where as an aboslute maximum temperature recorded 
as high as 50°C at Jaisalmer and Ganganagar. The minimum 
temperature in summer month ranges from 24°C to 29°c. 
With the ushering in the monsoon in the month of 
July the maximum day temperature decreases sharply and 
remain between 35°C and 39°C during July, August and 
September. The temperatures fluctuate by 2°C to 3°C 
above normal to 5°C below these threshold values 
depending on the vigour of the monsoon. Soon after the 
(77) /^- . .\ 
withdrawal of monsoon by the middle of September slight 
increase in maximum temperature is observed in October 
whereafter the temperature begins to decrease as winter 
sets in. However, the night temperature begins to 
decreases graduatlly from July onward reaching to lowest 
in January. 
RELATIVE HUMIDITY 
Relatitive humidity is another important element 
of climate in the arid and semi-arid region. Relative 
humidity for the greater part of the year low except in^  
the season of scanty rainfall where humidity is higher 
than the amount of rainfall speaks of. It is not uniform 
throughout the region but varies from place to place and 
time to time. The monthly values of relalative humidity 
are maximum in July and minimum in April, both in 
morning and evening. Thus it is lowest in April and 
highest in August.The diurnal variations are nearly the 
same throughout the year in Rajasthan a feature not 
genrally found in other parts of India. 
(78) 
During the season of general rainfall in the 
month of July and August the value of relative humidity 
is quiet high, ranges from 75 percent to 80 percent in 
morning and 50 percent to 60 percent in afternoon. 
Ganganagar and Bikaner are exception, where there values 
•37 
are relatively lower. During the cold season December 
to February the maiximum value of relative humidity 
ranges from 50 to 60 percent and minimum value ranges 
from 25 to 35 percent. The values at Ganganagar are 
slightly higher due to irrigation and appriciable lower 
dry bulb temperature prevailing at the station. During 
the hot season, humidity is generally 35 to 60 percent 
in the morning and 10 to 30 percent in the afternoon 
excluding the month of June-^°. In general the relative 
humidity decreases from northeast to southwest and west. 
37, Krishnan, A. (1977) Op.cit., P. 46 
38. Chauhan, T.C.(1988) Op.cit., P. 51 
(79) 
EVAPORATION: 
Evaporation is closely related to the 
temperature and wind, when the winds are slight and 
temperatures are low evaporation is low. As temperature 
rises and wind velocity increase evaporation also 
increases. Evaporation rates are highest in the summer 
months of April and May generally and display the higher 
evaporation rates during this period. With the advent of 
the moisture laden monsoon winds and precipitation, 
there is a marked fall in evaporation rates. Evaporation 
is high even during the cold weather month when the wind 
velocity is high. The mean evaporation during summer 
exceeds 12 mm/day which is higher during monsoon than 
the post monsoon season due to the high winds during 
the monsoon period. The evaporation values of 5-6 
mm/day are recorded during winter season. The mean 
annual evaporation ranges from 2500 mm to 3000 mm.-^ .^ 
39. Krishna, A. and Rakhecha, P. (1965) " Polutant 
evaporation of Thornthewaite and Leeper Methods, 
Annals of Aridzone, No. 4 PP. 32-35. 
(80) 
Over Indian Desert. The annual evaporation of 
Jodhpur, Bikaner and Pali are 2774mm, 2665 mm and 1971 
mm respectively. 
The evaporation during May and June is highest 
and lowest during December and January. The potential 
evapotranspiration far exceeds rainfall figure in Indian 
desert. 
WIND VELOCITY: 
The winds in the Indian desert are fairly 
strong. The winds are strongest in the month of June 
while lightest in November . During the cold weather 
period, the winds are generally light and variable but 
north-westerly and northerly winds are more frequent. 
The winds from April onwards are stronger and 
strongest during the month of June and July. In hot 
season and during monsoon, winds are generally between 
south westerlies or west-south westerlies. Interestingly 
a narrow belt passing through Jaisalmer, Phalodi upto 
(81) 
Jaipur in the eastern Rajasthan records the higher wind 
speed during the summer season and winds both north and 
south of this region and comparatively less strong. The 
maximum wind velocity that can be expected normally in 
the area is about 30-40 km per hour but can occasionally 
reach as high as 100 km per hour during a severe 
dustorm period. 
Generally winds of higher speed from the 
southewest or west are more frequent through out the 
year in the aridzone. The winds are stronger over the 
western fringe and over the eastern zone. Wind velocity 
IS very high during the dry summer month of April, May 
and June. Jodhpur recorded maximum value of 3 0 km'*-'- per 
hour during June and it is varying between 2 0 to 2 5 km 
per hour in other monsoon months. 
The monthly frequncy of the number of days with 
daily wind speed equal to or greater than 8km per hour 
40. Chauhan, (1988) T.S. Op.cit., P. 54 
41. Mertia, R.S. (1992), Op.cit., P.7. 
(82) 
exceeds 20 during the period of April to September. In 
Bikaner the values exceed 20 days during June, July and 
August period. It is in these areas which are subjected 
to severe wind erosion hazards and the monthly frequency 
below 10 days apply for October to December in Jodhpur 
and for November alone in Jaisalmer"*^ . 
SUNSHINE DURATION : 
Sunshine duration is another important element 
of climate. It has least variability. Sunshine has 
least annual range. It is uniformly distributed 
throughout the year except during the monsoon period. 
Barmer and Bikaner districts of Rajasthan have 
the largest duration of sunshine about 9.3 hours per day 
on an average inthe year. Th daily average of sunshine 
hours is 7.6 per day in winter over the whole of western 
Rajasthan. During summer the hot-aridzone records 9-10 
hours sunshine per day while in rainy 
42. ibid., P.7. 
(83) 
period it is only 4-5 hours per day'^ -^  due to cloud 
cover. The distribution of sunshine is more or less 
uniform throughout the region. However there is a slight 
increase from east to west. 
SOILS OP WESTERN RAJASTHAN: 
Western Rajasthan is a vast sandy plain 
including isolated hills or rock outcrops. The soils of 
this region are very different in their nature and 
characteristics from the other soils of India. Though 
soil fertility gradually improves from west and north 
west to east and northeast. In many parts of this 
region, the soils are saline or alkalin with 
unfavourable physical properties and high pH value . 
But the soils are generally immature, structureless or 
very coarse in texture. As a result of it, the 
percolation rates are higher and the water holding 
4 3 . Ibid. . , P. 8. 
44 . Raychaudhuri, S .P . e t a l (1963) Soils of India, 
New Delhi , P. 293. 
(84 ) 
capacity is low. Organic matter levels are also commonly 
low. 
The soils occuring the Indian desert generally 
form a part of the Great Indo-Gangetic tract and they 
are generally alluvial sandy loam and sandy soils^. 
Soils of the Indian desert developed mainly under the 
conditions of high temperatures and aridity with scanty 
and erratic rainfall. The soils in this region are 
formed from almost all types of parent rocks. The 
predominant soil parent materials comprises mainly of 
(1) Coastal alluvium and aeolian sands. These cover 
the major parts of Jaisalmer, Bermer, and the 
entire area of Bikaner district. 
(2) Sedimentary alluvium of Vindhyan system and 
Jurassic rocks mixed with coastal sand. These 
cover large area of western Jodhpur and arid 
western parts of Banner district. 
45. Chauhan, T.S. (1988) Op.Cit 
(85) 
(3) Sedimentary material from Eocene and Jurassic 
rocks are found in limited parts surrounding 
Jaisalmer district . 
Soils in the arid parts of Rajasthan are 
genrally sandy. These soils are aeolian in origin. They 
are textureless with wider pore spaces. Therefore the 
infiltration rate is high since they have extremely 
low percentage of humus, their water holding capacity 
is very little and less of moisture through deep 
percolation is considerable, water goes below the root 
zone and there it stays under high tension and is hardly 
usable by plant roots through capillary action. 
The soils are often calcarious in lower layers 
whose depths vary dpending upon the degree of leaching 
of calcium and the nature of the soil itself. The 
resultant sub-surface accumulations of lime at depth of 
46. Ibid., P. 62. 
(86) 
75cm to 100 cm are called hard pan of Murrum^ 
The soils of Western Rajasthan consist of 2.0-
6.0 pecent clay, 1.5-4.0 percent silt, 10.0-30.0 percent 
coarse sand and 65.0-85.5 percent fine sand^°. The sand 
soils of this region have wide pores and all the 
water is absorbed by the soils during rainy season, so 
the result is very poor. As a result of all these 
characteristics of high infiltration, deep percolation 
and little run off the water table is invariably low. 
Another characteristic of the soils in this 
region is their calcarious nature, having a subsoil 
concretionary layer of lime and are very poor in organic 
matter (0.02-0.2 percent). The soils are generally very 
deficient in plant nutrietns except potash and pH is 
about 8.5. The light textured soils have 285 ppm of 
47. Singh, H.S. (1976) " Soil characteristics of the 
experimental Fields" Research Report Series No. 
1 CAZRI. Jodhpur, P.l. 
48. Qureshi, S. (1987) Op.cit., P. 107. 
(87) 
total phophorous. The organic carbon ranges from 0.50-
0.75 percent and above in low, medium and heavy textured 
soils.49 
The eastern boundary of sand waste is limited 
by north and northeast to south and southwest running 
towards the Aravalli range. The eastern and southeastern 
margin of the deset is comparatively rocky with thin 
aelion cover and a few low sand duens in association 
with alluvial deposits. The rock outcrop, occupy nearly 
7 to 8 percent of the total area with this soil 
cover^*^. There are different type of geological 
formations which have different consistency, depth and 
composition of overlying soils. But the main secondary 
modifications are brought by climatological oscillation 
in the past and organic agencies. The characteristics 
49. Paroda, R.S. et al. (1980) Management of Idian 
Arid Range-land, Technical bulletin No.4, CAZRI, 
Jodhpur, P. 6. 
50. Gupta R.K. and Prakash, I. (1975), Environmental 
Analysis of The Thar Desert, Dehradun, P. 159. 
(88) 
of soil always depend upon the parent material from 
which they are derived. 
The soil of Western Rajasthan are very different 
from place to place. The soil in northeastern part is 
compared of fine silt. They are predominently sandy in 
nature, with poor moisture holding capacity and good 
permeability^^. The soils of Ganganagar district are 
yellowish gray in colour and gritty with friable .i-umps 
and fewer kankar nodules. . In the central part of 
Western Rajasthan in Churu and Jodhpur district the 
soils vary from sand, sandy loam to gravel. Further the 
western most districts of Barmer and Jaisalmer are 
mostly covered with sand. These soils contains a high 
percentage of soluble salts and have high pH value. 
Though the soils of Western Rajasthan are 
generally sandy, but the areal differentiation reveals 
51. Ahmad, A. (1962) Op.cit., p.126. 
52. Indian Council of Agriculture Research, Final 
Report of the All India Soil Survey Scheme, 
Bulletin No. 73, New Delhi, 1975, PP.212-214. 
(89) 
c o n s i d e r a b l e v a r i a t i o n in t h e i r c o l o u r , t e x t u r e , 
s t r u c t u r e a e r a t i o n , compaction and m i c r o b i a l 
environment , wa te r h o l d i n g c a p a c i t y and f e r t i l i t y 
s t a t u s . The s o i l s of Western Rajasthan have been divided 
in to di f ferent groups(Fig. 8 ) . 
1. Sand Dune: The a r i d region of western Rajasthan i s 
covered with 58 p e r c e n t of sand dunes of d i f f e r e n t 
forms, magnitude and o r i e n t a t i o n . They a re u s u a l l y in 
cha ins of l o n g i t u d i n a l dunes, bu t t r a n s v e r s e and 
barchan dunes are a l so common in t h i s region^-^. These 
dunes are d i s t r i b u t e d beyond the Luni bas in t o Rann of 
Kutch. The dune s o i l s are fine sands, poros and have a 
poor water hodling capac i ty . 
2. Desert So i l s : The dese r t s o i l s of Western Rajasthan 
extend c o n s i d e r a b l y ove t he d i s t r i c t s of J a i s a l m e r , 
53. Mann, H.S. e t a l (1976) " A s t u d y on t h e 
moisture a v a i l a b i l i t y and o ther cond i t i ons of 
i n s t a b i l i s e d dune in the c o n t e x t of p r e s e n t 
landuse and future prospects of d e s e r t i f i c a t i o n " 
Annals of Aridzone, Vol 15, NO. 4 P. 270 . 
(90) 
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Bikaner, Churu, Barmer and parts of Pali, Jalore 
Ganganagar and Nagaur, which are mostly confined in the 
interdunal areas. This region consists of wind blown 
sand, being typical desert, the soils are of different 
colour like yellow, yellowish brown and gray brown, 
these soils are loose, structureless and well drainaed 
with rapid permeability^^. 
3. Red Desert Soil: These soils are found in the 
districts of nagaur, Jodhpur, Pali, Jalore, part of 
Churu and Jhunjhunu. They are pale-brown to dark brown 
loose structureless. 
4. Sierozems: This type of soils are found in Nagaur 
and Pali Districts. These are yellowish brown sandy to 
sandy loam and sandy clay loam soils with different 
structure and fairly rapid premeability. In this region 
the soils are alkaline, low organic matter and lime 
54. Randhawa, M.S. et al. (1986), Farmers of 
India, Vol-IV. ICAR, New Delhi. 
(92) 
concentration layer is present at 100-150 cms depth^ . 
5. Lethosol »nd Regosol: This soils type is mostly found 
in eastern part of Aravallis, but in Western Rajasthan 
they are found in isolated hills along the slope. These 
soils are shallow light textured having low infiltrates 
and poorly drained. 
6 Red and Yellow Soils of the Foothills: These soils 
are found along the foothills of Arvallis in Pali and 
Nagaur districts. They are yellowish brown sandy to 
sandy loam and sandy clay soils. 
1. Old Alluvium: The old alluvium in Western Rajasthan 
are extended in Sikar district although these soils 
have been derived from alluvium. The soils consist of 
medium to coarse sand, silt and clay. Texture of soils 
having loamy sand to sandy loam and mostly non-
calcarious. The alluvium is well drained and occupy 
gently sloping terrain. 
55. Roy, B.B. and Sen, A.,K. (1968) " Soil map of 
Rajasthan" faxnals of Aridzone. Vol. 7, No.l. 
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8. Yellowish brovm soils of Foothills: These soils are 
found on the foothills of Aravalli. The Texture of soils 
varies from loam to caly loam with moderate to good 
drainage. The colour of the soils and mostly yellowish 
brown. 
9. Saline Soils of Dpressions: In the plains of Western 
Rajasthan saline soils are found in the depression or 
the 'Ranns' of Barmer, Jaisalraer, Bikaner and Nagaur 
districts, and include several salt basins like, Bap, 
Pachpadra, Sambhar, Didwana to Rann of Kutch. The 
colour of the soils are dark gray to pale brown, the 
water table is very close to surface. Salt encrustations 
make the surface appear white. 
NATURAL VEGETATION: 
On account of high variability in rainfall and 
the great diversity in relief the northwestern region 
has a variety of natural vegetation. Owing to low 
rainfall, the variety is limited as compared with 
(94) 
the variety of natural vegetation of hot and humid 
climates. The arid and semi-arid conditions restrict the 
areal spread of vegetation to such an extent that 
continuous plant cover is hardly found. The growth of 
trees are stunted by the dearth of moisture and they 
often give way to bushes, scrubs, seasonal grasses and 
herbaceous plants. Owing to the scarcity of water, there 
are only patches vegetation separated by great 
distances. The scanty natural vegetation in the western 
parts is predominently xerophytic in character. 
The natural vegetation in the Indian Desert is 
very sparse and is diminishing continuously under the 
age old practice of overgrazing, cropping and felling 
etc. The natural vegetation could be classified as 
typical thorny forest or arid scrub forest. They occur 
in small clumps scattered here and there in a more or 
less open form. Density and size of patches increase 
from west to east following the increase in rainfall. 
The location and distribution of natural 
(95) 
vegetation in the Indian Desert have been greatly 
influenced by geophysical, climatic and adaphic 
conditions. The natural vegetation is characteristically 
xerophytic and the vegetation cover is very sparse and 
being deminished continually under the age-old practices 
of over grazing. Considering the climatic conditions it 
is not unusual to find the areas covered with scrubs 
which are thorny and have a stunted growth The climatic 
regime is marked by high range of temperatures, poor and 
unccertain rain and lower humdity. The subsoil water 
lies deep below the ground level and the soil is 
defficient in organic matter and mineral nutrients. It 
has a very poor water holding capacity and is usually 
loaded with salinity. 
The vegetation of the desert region shows 
typical examples of adjustment to natures environment 
which displays typical desert characteritics with its 
extremely poor and discontinuous vegetation. Shrubs and 
occasional solitary stunted trees scattered over land 
with patches devoid of any trace of plant life . some 
(96) 
plants of the desert region have extra-ordinary power to 
resist high temperature and a remarkable ability to 
withstand dessication. Most of the plants escape the 
injurious effect of high temperature and low humidity 
56 by having green scaly twigs instead of leaves. Some 
species also develop epdermal protective structures, 
such as hair thorns etc. In certain cases the leaves 
disappears altogether, through these modifications, the 
plants manage to resist the loss of water by 
transpiration. In general the plants of the desert 
region fall into two main groups. 
1. The Annual - which depend upon the supply of 
rain. It includes the plants which appear 
shortly after the rain. They are shortlived and 
complete their life cycle with the cessation of 
the rain, 
2. The Perennials - which depend upon the 
56. Ahmad, A. (1962) Op.cit. p. 117. 
(97) 
subterranian water retained in the deep roots 
through which they draw sub-soil moisture. They 
have rather tough and leathery leaves the 
important trees are lassa, Khejra and Phoge. 
(98) 
POPULATION; DISTRIBUTION. DENSITY. GROWTH AND STRUCTURE 
Population is an important aspect of ecosystem 
which directly and indirectly influences the ecosystem. 
A geographical characteristic of population in any 
region is that it is not evenly distributed throughout 
the region. The analysis of distributional pattern of 
population, population growth and characteristics of 
population are entirely dependent upon natural, cultural 
and economic factors. Due to harsh environment, 
recurring drought and femines, the natives have adopted 
to long periods of drought extending over two to five 
years at a time. People of this region are strong, 
hardy, tolerant and frugal^ . They are mostly livestock 
rearer and agricultural workers.Due to this reason 
Indian desert having an area of 61 percent of total 
state is inhabited with only 40 percent of total state 
57. Bose, A.B. and Malhotra, S.P. (1963) " Anthropo-
Geographical Study of the sttlement pattern of 
a desert village". Man in India, Vol. 43 No.3, 
pp. 223-224. 
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population, which is scattered throughout the region 
wherever some opportunities of livelihood are available. 
POPULATION DISTRIBUTION: 
Indian Desert is confronted with the twin 
problem of over population and under population. In 
Western Rajasthan the impact of both natural as well as 
cultural factors is observed simultaneously on the 
population distribution. The distribution of population 
m the region is highly sparse and uneven mainly because 
of the arid conditions. Since the region receives a 
meagre amount of precipitation which decreases as one 
goes towards the western parts, which signifies that a 
decreasing popultion is postively correlated with 
rainfall. The other influencing factors being socio-
economic conditions of the region i.e. meagre 
irrigational facilities, poor soil condtions, 
prevalence of dunes etc. Among the cultural factors the 
economy of the region is primarily rural oriented and 
most part of the population subsists mainly upon 
(100) 
agriculture and livestock. The settlement is clustered 
around the water points. Thus the habitability 
conditions of the region indicate a dependency on the 
water availability. And thus population concentration in 
the eastern parts is comparatively denser than in the 
west. The lowest density of population is shown in the 
district of Jaisalmer which is only 9 persons per sq.km. 
This district is grossely under populated. There is a 
great dearth of human resources in this district. In 
the west Ganganagar has exceptioinally higher population 
concentration (Table 1) , largely due to better 
irrigational facilities and enhanced landuse practices. 
DENSITY QF POPULATION: 
The distribution of population can be easily 
understood after studying the manland ratio i.e. density 
of population of the region. 
Density of population is the number of persons 
living per unit area. TcQjle 1 shows districtwise area 
(101) 
TABLE NO.Is POPULATION DISTRIBUTION AND DENSITY OF 
WESTERN RAJASTHAN (1991) 
Districts 
Banner 
Bikaner 
churu 
Ganganagar 
Jaisalmer 
Jalore 
Jhunj hunu 
Jodhpur 
Nagaur 
Pali 
Sikar 
Region's Total 
Area 
(Sq.Km) 
28387 
27244 
16837 
20634 
38401 
10640 
5928 
22850 
17718 
12387 
7732 
204658 
Total 
Populatioin 
14,35,222 
12,11,140 
15,43,211 
26,22,777 
3,44,517 
11,42,563 
15,43,211 
21,53,483 
21,44,810 
14,86,432 
18,42,914 
1,74,70,280 
Density 
(Per Sq.Km) 
51 
44 
92 
127 
9 
107 
267 
94 
121 
120 
238 
86 
Source: Based on the 1991 Census of India, 
population and dens i t y . This gives an unders tanding of 
the s p a t i a l v a r i a t i o n of p o p u l a t i o n in t h e Ind i an 
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Desert . 
From the t a b l e i t may be in fe r red t h a t most of 
the d i s t r i c t s have l a rge a r ea . Out of eleven d i s t r i c t s 
s ix l a rges t d i s t r i c t s of Rajasthan s t a t e l i e i n t h i s 
region. But in view of popula t ion concen t ra t ion t h e s e 
d i s t r i c t s are sparse ly populated. Eastern d i s t r i c t s of 
Western Rajas than have h i g h e r d e n s i t y a v e r a g e s a s 
compared t o the a r i d w e s t . The average p o p u l a t i o n 
dens i ty of Western Rajasthan i s much lower than the 
s t a t e average i . e . only 86 persons per Sq. km a g a i n s t 
129 persons of s t a t e average . However, t h i s d e n s i t y i s 
higher on the dese r t s t anda rds . The a r i d ecosystems 
under subsistence landuse f ind i t d i f f i c u l t t o s u s t a i n 
such a high d e n s i t y of p o p u l a t i o n . However, some 
d i s t r i c t s of Western Rajasthan exceed the s t a t e ' s 
populat ion densi ty, such as Jhunjhunu and Sikar having 
dens i ty of 267 and 238 perosns r e spec t i ve ly . Only t h r e e 
d i s t r i c t have below t h e r e g i o n ' s a v e r a g e . They a r e 
Jaisalmer with a dens i ty of only 9 persons, Bikaner wi th 
( 1 0 3 ) 
44 persons and Barmer with 51 persons per Sq. Km. Rest 
of all the eight districts have their population density-
above the regional average. 
POPULATION GROWTH: 
In the beginning of the present century the 
total population of Western Rajasthan was about 34 Lakhs 
which rose to above 174 lakhs in 1991, thus it gained 
140 lakhs more people during the course of 90 years 
which is a five times population growth. However, 
growth rate is not uniform during all the periods but it 
varies from decade to decade. During 1921 census the 
region experienced a negative population growth and 
remaining all the decades show a positive population 
growth. Table 2 shows a highest popultion growth of 
nearly 37 percent during 1971-1981. 
According to 1991 census, the districts of 
Western Rajasthan have experienced a decline in growth 
rate as compared to the previous decade. It was only 
30.01 percent. But it is still a higher rate as compared 
(104) 
t o t h e s t a t e a v e r a g e which r e c o r d e d j u s t 2 8 . 6 7 p e r c e n t . 
TABLE - 2 : PERCENTAGE POPULATION GROWTH, WESTERN RAJASTHAN 
( 1 9 7 1 - 8 1 AND 1 9 8 1 - 9 1 ) 
D i s t r i c t s 1 9 7 1 - 8 1 1 9 8 1 - 9 1 
B a n n e r 4 4 . 4 1 2 8 . 2 7 
B i k a n e r 4 8 . 0 9 4 2 . 7 0 
C h u r u 3 4 . 8 8 3 0 . 8 4 
G a n g a n a g a r 4 5 . 6 2 2 9 . 2 0 
J a i s a l m e r 4 4 . 8 4 4 1 . 7 0 
J a l o r e 2 8 . 4 0 2 6 . 5 2 
J h u n j h u n u 3 0 . 3 9 3 0 . 6 1 
J o d h p u r 4 4 . 8 2 2 9 . 1 2 
N a g a u r 2 9 . 0 4 3 1 . 6 9 
P a l i 3 1 . 3 9 1 6 . 6 3 
S k i a r 3 2 . 0 9 3 3 . 8 1 
R e g i o n ' s T o t a l 3 6 . 6 2 3 0 . 0 1 
S o u r c e : Census of I n d i a , 1981 and 1 9 9 1 , R a j a s t h a n , 
s e r i e s 18 , P a r t I I A , G e n e r a l P o p u l a t i o n T a b l e , New D e l h i 
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Table 2 shows the growth rate of population is 
not uniform throughout the region but varies place to 
place. According to 1991 census the highest overall 
growth rate was recorded in Bikaner district 42.7 
percent followed by Jaisalmer, Sikar, Nagaur, Churu and 
Jhunjhunu to about 41.73, 33.81, 31.69, 30.84 and 30.61 
percent respectively. The lowest growth rate was 
recorded in Pali district with only 16.63 percent 
followed by Jalore, Barmer, Jodhpur and Ganganagar to 
about 26.52, 28.27, 29.12 and 29.2 percent respectively. 
Outmigration of workforce from Pali district to the 
neighbouring district in search of work may be the cause 
of low growth rate of Pali. The decrease in the 
population growth in the region is mainly because of 
outmigration of people in search of jobs in the major 
towns out of the region. 
STRUCTURE OF POPULATION: 
The structure of population at a given time may 
be regarded as the product of demographic change. It 
(106) 
normally includes references to the sptial variations of 
factors such (i) sex ratio, (ii) literacy rates (iii) 
occupational structure and (iv) rural-urban structure. 
It helps us to know the level of working efficiency, 
degree of homogeneity and social environment, thus 
giving an idea of the people's invlovement in various 
C O 
activities m the region^". 
SEX RATIO: 
An examination of published statistics shows 
that there are considerable regional and national 
differences in the proportions of the two sexes. These 
spatial variations are of interest to geographers in 
veiw of their social and economic implications^^. The 
ratio of two sxes in a population is normally expressed 
as the number of females per 1000 males or vice versa. 
58. Knowles, R. and Wareing, J. (1992) . Economic and 
Social Geography, Rupa & Company, Calcutta, 
Allahabad and New Delhi, P. 80. 
59. Ibid. P. 82. 
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The sex ratio, in general, is found to be 913 
per 1000 male in the region which is slightly higher 
than the state's average figures, which accounts for 
910/1000. Workforce mainly comprises of male population 
and outmigration of workforce may be the cause of high 
sex ratio in Pali district. The sex ratio is not static 
but is ever changing temporally as well as spatially 
throughout the region. The sex ratio has considerably 
increased from 890 in 1961 to 915 in 1971 and 917 in 
1981 but a decrease is observed during the present 
decade. Spatially speaking, the sex ratio varies from 
district to district. The maximum number of females are 
recorded in Pali district 963 followed by Jalore and 
Sikar 966 each, Nagaur 942, and Jhunjhunu 931. The 
eastern districts recorded higher number whereas it 
goes on decreasing and come to 807 in Jaisalmer 
district. Such type of conditions are generally seen in 
economically under developed countries where the ratio 
goes below 900, because most of the male population 
emmigrates to the more advanced urbanised areas and 
(108) 
hence the ratio decreases. 
LITERACY RATES: 
Educational attainment ranks high in importance 
among the various qualities of a population. Low degree 
of literacy and lack of adequate training are some of 
C -1 
the serious obstacles to economic development°. 
Western Rajasthan comprises about 36.53 percent 
of literacy rate which is slightly lower than the state 
average of 38.55 percent. Table 3 shows a spatial 
distribution of literacy rate in the region with special 
reference to male and female literacy rate. It clearly 
shows an uneven distribution of literacy. The highest 
literacy rate of 47.60 percent is in Jhunjhunu and the 
lowest being in Barmer district where it is only 22.98 
percent. There is great contrast in male and female 
60. Chauhan, T.S. (1988) Op.cit. P. 145. 
61. Knowles, R. and Wareing, J., (1992) Op.cit., p. 83 
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TABLE - 3: DISTRIBUTION OF LITERACY IN WESTERN RAJASTHAN 
(1991) 
Districts Total Male Female 
Barmer 
Bikaner 
churu 
Ganganagar 
Jaisalmer 
Jalore 
Jhunj hunu 
Jodhpur 
Nagaur 
Pali 
22.98 
41.73 
34.78 
41.82 
30.05 
23.86 
47.60 
40.69 
31.80 
35.96 
36.56 
54.63 
51.30 
55.29 
44.99 
39.97 
68.32 
54.74 
49.35 
54.42 
Sikar 42.49 
Region's Total 37.26 
Rajasthan 38.55 
6 4 . 1 3 
52 .34 
5 4 . 9 9 
7 . 6 8 
2 7 . 0 3 
1 7 . 3 2 
2 6 . 3 9 
1 1 . 2 8 
7 . 7 5 
2 5 . 5 4 
2 2 . 6 8 
1 3 . 2 9 
1 6 . 9 7 
1 9 . 8 8 
1 7 . 8 0 
2 0 . 4 4 
Source: Census of India, 1991, Rajasthan, series 18, 
Part IIA, General Population Table, New Delhi. 
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literacy rate.. The male literacy rate is nearly three 
times higher than the female literacy in the region. The 
region's male literacy is 52.34 percent against the 
female's literacy of 17.80 percent. There are much 
greater variations in regional literacy in total as well 
as male and female literacy. The highest percentage is 
recorded in Jhunjhunu district which accounts 47.6 
percent followed by Sikar, Ganganagar, Bikaner and 
Jodhpur districts to about 42.49, 41.82, 41.73 and 
40.69 percent respectively. The lowest literacy rate is 
recorded in Barmer and Jalore where it is 22.98 and 
23.86 percent respectively. Similar observations for the 
male and females literacy were made in the region. 
RURAL ^ URBAN COMPOSITION: 
Rural-urban compostion is an important 
characteristic of population, because it presents a 
sharp contrast with respect to population density, 
degree of ethnic and cultural homogeneity and 
occupational structure and social stability. Rural-urban 
(111) 
TABLE - 4 : PERCENTAGE RURAL-URBAN POPULATION 
WESTERN RAJASTHAN (1991) 
Districts Rural Urban 
Banner 89.96 10.04 
Bikaner 60.27 39.73 
Churu 72.10 28.90 
Ganganagar 79.95 21.05 
Jaisalmer 84.44 15.56 
Jalore 91.94 8.06 
Jhunjhunu 79.46 20.54 
Jodhpur 64.50 35.50 
Nagaur 84.02 15.98 
Pali 78.25 21.75 
Skiar 79.97 21.03 
Region's Total 7 8.62 21.38 
Source: Census of India, 1991, Rajasthan, series 18, 
Part IIA, General Population Table, New Delhi. 
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composition is also an important index of the nature of 
human resource status in a region. The ways of life in 
both are different. As India is the country of villages 
where three fourth of the total population lives in the 
countryside, the region also have more or less the 
same proportion. In the study region about 79 percent 
of total population dwells in the villages and about 21 
percent resides in urban areas. Table-5 shows the 
highest rural population is recorded in Jalore district 
where it holds 91.94 percent followed by Barmer, 
Jaisalmer, Nagaur, Sikar and Ganganagar with varying 
percentage 89.90, 84.44, 84.02, 79.97 and 79.95 
respectively. The lowest percentage is recorded in 
Bikaner with 60.27 percent followed by Jodhpur with 64.5 
percent. This is due to the region's rural 
characteristics, the process of urbanization has taken 
place with a very slow urban population growth rate. 
Thus the region holds a very insiginficant proportion 
of urban population. 
(113) 
OCCUPATONAL STRUCTURE: 
The e c o n o m i c a l l y a c t i v e s e c t i o n of a n y 
p o p u l a t i o n i s g e n e r a l l y d e f i n e d a s " t h o s e who a r e 
e n g a g e d i n r e m u n e r a t i v e o c c u p a t i o n s and who s e e k a 
l i v e l i h o o d i n s u c h o c c u p a t i o n s " . E x c l u d e d f r o m t h i s 
d e f i n i t i o n a r e c h i l d r e n u n d e r w o r k i n g a g e , r e t i r e d 
p e r s o n s , s t u d e n t s , h o u s e w i v e s a n d t h o s e l i v i n g f r o m 
i n v e s t m e n t income. The s i z e of t h e a c t i v e p o p u l a t i o n i n 
r e l a t i o n t o t o t a l p o p u l a t i o n i s d e t e r m i n e d n o t o n l y by 
p u r e l y demographic f a c t o r s s u c h a s age s t r u c t u r e , b u t i s 
a l s o g r e a t l y i n f l u e n c e d by e c o n o m i c a n d s o c i a l 
c o n s i d r a t i o n s ° ^ . 
The o c c u p a t i o n s i n t h e s t u d y r e g i o n h a v e b e e n 
d i v i d e d i n t o t h r e e g r o u p s - p r i m a r y , wh ich employ a b o u t 
70 p e r c e n t of t h e t o t a l w o r k i n g p o p u l a t i o n . T h i s r e v e a l s 
t h a t t h e r e g i o n ' s economy i s r u r a l o r i e n t e d , b e c a u s e i n 
t h i s s e c t o r a g r i c u l t u r e , p a s t o r a l i s m e t c a r e t h e 
p r i n c i p a l r u r a l o r i e n t e d o c c u p a t i o n s . I t ' s h i g h e r 
6 2 . I b i d . , p . 86 
( 1 1 4 ) 
density is recorded only in rural areas, where 
agricultural labours are available in abundance, which 
indicates that there is no any alernate job in rural 
areas. The workers engaged in primary sector are in 
different occupations which includes agricultural 
labourers cultivators and pastorals. The variation in 
percentage in primary sector is subject to the 
availability of water resources, irrigational facilities 
and other related factors. 
Recently household and other than household 
industries have been included in the secondary 
occupations in which only 3 to 4 percent of the total 
population of Western Rajasthan is engaged. Higher 
pecentage of this occupation is recorded in urban areas 
the rural area show a negligible percentage. The highest 
working populaton in this sector is recorded in Jodhpur, 
Ganganagar and Pali district where all the 
infrasturcutral and administrative facilities are 
available. 
(115) 
TABLE NO.5: OCCUPATIONAL STRUCTURE IN WESTERN RAJASTHAN 
(1991) 
Districts 
Banner 
Bikaner 
churu 
Ganganagar 
Jaisalmer 
Jalore 
Jhunj hunu 
Jodhpur 
Nagaur 
Pali 
Sikar 
Region's Total 
Primary 
Occupation 
82.31 
81.92 
77.70 
72.31 
64.41 
NA 
67.74 
62.64 
78.51 
71.49 
65.63 
70.46 
Secondary 
Occupation 
6.78 
12.66 
6.50 
7.73 
11.03 
NA 
9.38 
11.74 
7.92 
12.29 
12.68 
9.87 
Tertiary 
Occupation 
10.91 
25.42 
15.80 
19.96 
24 .56 
NA 
22 .37 
25.69 
13 .57 
16.22 
21.69 
19.67 
Source: Based on the 1991 Census of India. 
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Trade and commerce, construction, transportation 
and other sevices are plenty in number in the urban 
areas. It has engaged about 25 percent of the total 
working population. Jodhpur being an adminstrative 
district of the region whcih alone provides 20 percent 
of the total working population under tertiary-
occupations. Other than Jodhpur, Ganganagar, Pali and 
Jhunjhunu are important where infrastructural facilities 
are available. 
(117) 
CHAPTER r. Ill 
THE CONCEPT OF ECOSYSTEM 
Ecocystem is an equation of the community of 
plants and animals sharing and mutually interacting in a 
given environmental canvass together with the non-living 
habitat that they occupy. Ecosystems are the basic 
functional ecological units which includes both the 
organisms and the non-living environment, each 
influencing the properties of the others and both are 
necessary for maintainance of life. The word ecosystem 
is a composite word of "ecology^^ and "syste/T?". Where 
"eco" means environment while system implies an 
interacting and interdependent complex. Thus ecosystem 
is a natural complex of plant and animal populations 
and the particular sets of physical conditions under 
which they co-exist. 
1. Chhatwal, G.R. et al (eds) (1989) Encyclopa.e(iic 
Dictionary of Environment, Anmol Publications, 
New Delhi, P. 216. 
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( i ) DEFINITION AND CONCEPT: 
Ecoystem form the bas ic u n i t s for an eco log i ca l 
study. The ecosystem i s a na tu ra l complex of l i v i n g 
organisms and n o n - l i v i n g env i ronments , where each 
i n f l u e n c e s the p r o p e r t i e s of t he o t h e r s . They a r e 
complex s e l f s u s t a i n i n g and mutua l ly i n t e r d e p e n d e n t 
na tu ra l systems which include a l l the i n t e r a c t i o n s t h a t 
bind t h e i r l iv ing and non- l iv ing components t o g e t h e r 
in to a s table system. These i n t e r a c t i o n s inc lude the 
r e l a t i onsh ip between the l i v i n g organisms, n o n - l i v i n g 
p h y s i c a l environment and t h e i n t e r a c t i o n of v a r i o u s 
pnases of the non-l iving environment. 
The word ecosystem appears to have been coined 
by A.G. Tansley in 1953. La t e r t h i s t e rm was 
elaborated and defined by var ious e c o l o g i s t s . The p r e f i x 
' eco ' means environment. Thus ecosystem means a system 
of environment. According to Webster (1979) ecosystem 
2. Tansely, A.G. (1965) " The use and abuse of 
vegetat ional concept and terms" Ecology, v o l . 
16, PP. 284-307. 
3. Webster, I.R. (1979) " Hierarchical Organ i sa t ion 
of Ecosystem" in Halfon, E(ed) Theoretical 
System of ecology, Academic press New York, 120. 
( 1 1 9 ) 
is an aggregation or assemblage of objects jointed in a 
regular interaction or interdependence" . Woodburg'* 
defined the ecosystem as a complex in which habitats, 
plants and animals are considered as a single 
interacting unit. The material and energy of one passing 
in and out of the other objects. Churchaman^ (1968) has 
defined ecosystem as a set of parts coordinated to 
accomplish a set of goals. Ecosystem is very broad term 
and according to many ecologists, it incorporates the 
following aspects; 
1. The ecosystem is a major ecological unit. It 
contains both abiotic (e.g water, soil, air, 
temperature and light etc) and biotic i.e. 
plants and animal components through which 
nutrients are cycled and energy flows. 
4. Woodburg, R.H. (1954) " Communities and 
Ecosystem" Science, Vol. 119, PP. 927-931. 
5. Churchman, C (1968) " Ecotypes and Ecosystem 
function" Biological Science, Vol. 19, PP. 131-
134. 
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2. To accomplish these cycles and flows, ecosytem 
passes through a number of structural 
relationships between soil water and the 
nutrients producers, consumers and decomposers. 
3. The function of ecosystem is related to flow of 
energy and the cycling of material through the 
structural components of the ecosystems. 
4. Ecosystem proceeds towards maturity by passing 
from less complex to more complex states. This 
directional change is called succession. 
5. The major functional unit of an ecosystem is the 
population. This population may be plant 
population, animal population or human 
population. It is the population which triggers 
all the inceractions and basic changes in the 
ecosystem. However, this population may get 
influenced by the abiotic impulses or physical 
forces. It occupies a control funtion view which 
is related to the population's role in energy 
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flow and cycling of the nutrients. 
6. The ecosystem has historical aspects; that is, 
present is related to the past and future is 
related to the present. 
The hierarchical structure of food web is not 
only confined to organic components of the environment 
but also to the inorganic components of the physical 
environment that includes climate soil and water etc. 
The basic and most important concept of an 
ecosystem is that everything is some how or the other 
related to everything else and such relationships 
include interlocking functionings of orgnisms away 
themselves as well as with their environment. A second 
basic theme is limitation, which means that limits are 
ubiquitous and that no individuals or species goes on 
growing indifinitely. Various species control and limit 
their own growth in response to overcrowding or other 
environmental signals and the total number keep pace 
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with the resurces avilable. Not only are the resources 
limited but there are limits both to the rates at which 
the environment can receive and recycle waste and to 
its capacity for storing them in suitable form°. And 
complexity is the third basic characteristics of any 
ecosystem'- The three dimensional interactions of 
various constituent elements of an ecosystem are highly 
complex and often beyond the comprehension of the human 
brain. Jordan^ (1975) pointed out the inadequacy of the 
tranditional definition of ecology (viz the study of 
interactions between organisms and environments) because 
most bioligical and agricultural research can be 
interpreted to be studies of interaction between 
organism and environment irrespective of whether or 
whether not the studies of ecology and such a basic 
6. Kumar, H.D. (1986) " Modern concept of Ecology" 
Vikas Publishing House Pvt Ltd. New Delhi, P. 6. 
7. Ibid., P.7. 
8. Jordan, C.F. (1975) "What is ecology" Bulletin 
of Ecological Congress, America, Vol. 56, P.2-3. 
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un i t obviously i s the ecosystem. The ecology may be 
defined as the study of ecosystem. An ecosystem in t u r n 
i s an integrated un i t cons i s t ing of i n t e r a c t i o n among 
p l a n t s and animals whose s u r v i v a l depends upon t h e 
maintainance of a b i o t i c as well as b i o t i c s t r u c t u r e and 
funct ions . 
The concept of cecosystem can be appl ied on a 
wide range of s ca l e s , for example, to the whole world -
the Global ecosystem, tundra t r o p i c a l r a i n f o r e s t , or a 
smal l u n i t such as a pond or l ake ecosys tem. The 
he i r a rch ica l s t r u c t u r e of food web i s ne i t he r confined 
to inorganic components of the environments nor i t i s 
conf ined to l i v i n g p l a n t s and a n i m a l s . Ecosys tems 
c h a r a c t e r i s t i c a l l y der ive t h e i r energy from s u n l i g h t 
and receive inputs of n u t r i e n t s water, and gases .Heat 
oxygen carbondiox ide and o r g a n i c compounds from t h e 
outputs . The organisms of ecosytems t yp i ca l l y comprise: 
Producers (green p l a n t s ) , which convert inoganic 
compounds through photosynthes is i n to organic compounds. 
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Consumers which feed on plants and each others. And 
decomposers (eg bacteria fungi etc) which promote decay. 
Ecosystems are thus self sustaining and mutually 
interdependent. The producers i.e. the green plants 
are entirely dependent on surrounding atmosphere for 
carbondioxide and an underlying soil for nutrients and 
water and thus the physical environment is the part of 
the system. Furthermore plant die and their structures 
are broken down by decomposer species to release enegy 
and chemicals within the plant organism and cells, 
animals produce waste material and they eventually die 
and these both produce organic materials which can be 
broken down. This decomposition is a fundamental part of 
ecological system. 
The hierarchical structure of food web includes 
both biotic and abiotic components. The various parts of 
this hierarchical structure are linked to each other 
functionally to produce a dynamic system of 
interrelationships within the organisms and between 
organism and the environment. Tansely proposed the term 
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ecosystem (a contraction of ecological system) for this 
dynamic strucutre and visualized the ecosystem as being 
composed of two major parts. These are first the biome, 
the whole complex of organisms (both paints and animals) 
naturally living together as sociological units and 
secondly the physical environment. In Tansley's views 
all part of such an ecosystem organic and inorganic 
biome and habitat may be regarded as interacting factors 
which in a mature ecosystem, are in approximate 
equilibrium. It is through their interactions that the 
whole system is maintained. Lindeman has strssed that 
the term applied to any system composed of physical 
chemical and biological process within a space-time unit 
of any magnitude. The ecosystem is a convenient scale at 
which to consider plants and animals and their 
interaction because it is more localized and these more 
specific than the biosphere in its entirely and yet it 
includes a sufficiently wide range of individual 
organisms to make regional generalization feasible and 
vluable. Table-6 gives a schematic expression of the 
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compnents of an ecosys tem. 
TABLE - 6 
Five Levels of Ecologyical Organization 
Levels Units Definition 
1. The Organism An individual plant or animal 
2. The Population A group of individuals of one 
species. 
3 . The community The sum of the different 
population of species within a 
given area. 
4. The Ecosystem The sum of communities and the 
non living environment in an area 
5 . The Biosphere The sum of all ecosystems. 
The ecosystem is thus the sum of all natural 
organisms and substances within an area and it can be 
viwed as a basic functional ecological unit, for 
example, of an open system in physical geography. Let 
the example of the woodland ecosystem has a series of 
major inputs and outputs. The former includes energy 
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rain water, soil minerals and soil water, and the later 
includes the standing crop of timber and logs (in a 
managed woodlands) the animals within the system 
migrate, water losses and head loss. 
Ecologists have considered many aspects of 
ecosystems since Tanseley's formulation of the concept. 
Evan has isolated three particularly important areas of 
enquiry. These are quantities of matter and energy that 
pass through ecosystems and their rate of movement, the 
kind of organisms which are present in different 
ecosystem and the role occupied by the organisms in 
structure and organization of the ecosystem. 
(ii) COMPONENTS OF ECOSYSTEMS : 
According to Odum ^(1974) all ecosystems 
terresterial or aquatic from a purely functional or 
trophic (nutrition) point of view have the following two 
types. 
9. Odum, E.P. (1974) "Diversity as function of energy 
flow" proceeding I International Congress on Ecology, 
The Hugue. 
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Biotic Components : 
(a) Autotrophic Components 
(b) Hetrotrophic Components 
The autotrophic components fix the radiant 
energy of sun and manufacture food from simple inogarnic 
substances, the hetrotrophic components take food from 
autotrophic system and rearrange it and finally 
decompose the complex organic materials into simple 
inorganic forms. 
In the ecosystems the autotrophic and 
heterotrophic components are arranged in layers. The 
autotrophic metabolism is greatest in the upper layer 
where maximum light is available, From structural point 
of view ecosystems are divided into four components : 
(1) Non - Living or Abiotic components 
(2) Producers- mainly green plants. 
(3) Consuramers- almost exclusively animals and 
(4) Decomposers- mainly bacteria and fungi 
transforms. 
ABIOTIC COMPONENTS : 
Abiotic components include basic inorganic 
elements and compounds, such as soil, water, calcium, 
oxygen carbonates, phosphates and a variety of organic 
compounds (by product of organic activity or death) . It 
also includes such physical factors and gradients as 
moisture, wind currents and solar radiation. Radiant 
energy of sun is the only significant energy source for 
ecosystems, 
BIOTIC COMPONENTS : 
(1) Producer : (Autotrophic elements) 
The producers are the autotrophic elements -
chiefly green plants. They use radiant energy of sun in 
a photosynthetic process whereby carbondioxide is 
assimulated and the light energy is converted into 
chemical energy. Oxygen is envaluated as a by product in 
the photosynthesis. This is used in respiration by all 
living things. 
( 1 3 0 ) 
(2) Consvuners -. Those l i v ing members of ecosystem 
which consume the food synthesized by producers a re 
c a l l e d consumers. Under t h i s ca t egory a r e i n c l u d e d 
d i f f e r e n t k inds of an ima l s t h a t a r e found i n an 
ecosystem. There are d i f f e r e n t c lasses or c a t e g o r i e s of 
consumers such as : 
(a) Consumers of the f i r s t order . 
(b) Consumers of the second order . 
(c) Consumers of the t h i r d order and 
(d) Paras i t es , Scavengers and Saprobes. 
(a) Primary Consumers : These are purely herbivorous 
animals that are dependent for t h e i r food on producers 
or green p lan t s , i n s e c t s , rodents , r a b b i t s , d e e r s , 
cows, buf fa l lows , g o a t s a r e some of t he common 
herb ivorous in the t e r r e s t e r i a l ecosystem and sma l l 
erustaecous molluses e t c . in the aquatic h a b i t a t . El ton 
(1958) •^ ^ named herbivorous of ecosystem as "Key i n d u s t r y 
10. Elton, C.S. (1958) "The ecology of Invasion by 
p lants and animals" . Matheun Landscape London. 
( 1 3 1 ) 
animals". The herbivorous serve as the chief food source 
for carnivores. 
(b) Secondary Consumers : These are carnivores and 
omnivores. Carnivores are flesh eating animals and the 
omnivores are the animals that are adapted to consume 
herbivores as well as plants as their food. Examples of 
secondary consumers are sparrow, fox, dogs etc. 
(c) Tertiary Cons\uners s These are the top carnivores 
which prey upon other carnivores, ommivores, and 
herbivores for example, lion, tiger, Howk, vultare etc. 
are considered as tertiary or top consumers. 
Besides different classes of consumers the 
parasites, scavengers and saprobes are also included in 
the consumers. The parasitic plants and animals utilize 
the living tissues of different plants and animals. The 
scavangers and saprobe utlize dead remains of animals 
and plants as their food. 
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(3) DECOMPOSERS AND TRANSFORMERS 
They are the living components of ecosystem and 
they are fungi and bacteria. Decomposer attack the dead 
remains of producers and consumers and degrade the 
complex organic substances into simple compounds. The 
simple organic matters then are attacked by another kind 
of bacteria. Transformers which finally change these 
organic compounds into their organic forms are suitable 
for reuse by producers or green plants. The decomposers 
ana transformers play very important role in maintaining 
the dynamic nature of ecosystems. 
GENERAL CHARACTERISTICS OF ECOSYSTEM : 
Ecosystem is very broad term and according to 
many ecologists it incorporates the various 
environmental characteristics. Smith -'-•'-(1966) has 
emphasized the follwing general characteristics of 
ecosystems. 
11. Smith, R. L. (1966) "Ecology and Field Biology 
Harper and Row, New York. . 
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1. The ecosystem is a niajor structural and 
functional unit of ecology. 
2. The structure of an ecosystem is related to its 
species, diversity, the more complex ecosystem 
have high diversity of species. 
3. The function of the ecosystem is related to 
energy flow and material cycling through and 
within the system. 
4. The relative amount of energy needed to maintain 
an ecosystem depends on its structure the more 
complex the structure, the lesser the energy, it 
needs to maintain itself. 
5. Ecosystems mature by passing from less complex 
state. Early stage of such a succession has an 
excess of potential energy and a relatively high 
energy flow per unit biomass, Later (mature) 
stages have less energy occumulation and its 
flow through more diverse component. 
6. Both the environment and the energy fixation in 
any given ecosystem are limited and cannot be 
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exceeded w i t h o u t caus ing s e r i o u s u n d e s i r a b l e 
e f f ec t s . 
7. A l t e r a t i o n i n t h e environments r e p r e s e n t 
se lec t ive p re s su res upon the populat ion t o which 
i t must ad jus t . Organisms which are unable to 
adjust to the changed environment n e c e s s a r i l y 
vanish. 
The major functional unit of the ecosystem is 
the population. It occupies a certain function which is 
related to the population's role in energy flow and 
cycling of nutrients. Ecosystem, are regarded as energy 
processing units which are restrained or limited by the 
amounts of nutrient and water that are actually 
available. They seem to expend readily available energy 
in minimizing the limitation of water and nutrients. 
They display adaptive regulatory mechanism associated 
with destructive activities (such as grazing) that lead 
to conservation of nutrient capital (Recchle-^ '' et al 
12. Recchle, D. E. et al (1974) "Principles of 
energy and material exchange in Ecosystems" 
Proceeding 1st, International Congress on 
Ecology. Vol. 2. P. 57 
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1974). Thus the ecosystem is an integrated unit or zone 
of variable size comprising vegetation, fauna, microbes 
and the environments. Most ecosystems characteristically 
possess a well defined soil, climate, flora and fauna 
(or comminites) and have their own potential for 
adaptation, change and tolerance. The functioning of any 
ecosystem involves a series of cycles such as the water 
cycles and cycles of various nutrients. These cycles are 
driven by energy being the solar energy. Continuation of 
life demands a constant change and return of nutrients 
to and fro the different components of the ecosystem -^^ . 
Oreans -^^(1974) includes the historical approach, 
according to him, the ecosystem has historical aspects, 
that present is related to the past and future is 
related to the present. 
13. Kumar, H. D. (1986) "Modern concept of Ecology" 
Vikas Publishing House Pvt. Ltd. New Delhi-P. 6. 
14. Orian, G. H. (1974) "An evlutionary approach to 
the study of ecosystem" Proceeding 1st 
International Congress on Ecology The Hague PP -
198-200 
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IMPACT QF CLIMATE QS ECOSYSTEM x 
Climate is one of the most important factors 
which influences the ecosystems directly as well as 
indirectly. There are four important components of 
ecosystem, which are influenced by climatic elements 
individually and collectively i.e. Soil, Flora, Fauna, 
and landuse and the socio-economic conditions. 
1. IMPACT OF CLIMATE ON SOIL : 
The most immediate impact of climate is 
experienced by soils. Climate plays very important role 
in soil classification e.g 
(a) Hot and Hximid Zones : This is the region where both 
temperature and rainfall is higher like rainforest and 
wet savana types of soil, tropical grassland soil. 
(b) Harm Zone s Where there is high temperature and low 
rainfall for examples soil of mediterranean region and deser 
soil. 
(c) Cool and Cold Zone : This is the region of low 
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temperature belt but variation in rainfall. Where there 
is low temperature and high rainfall the podozolic soils 
are developed of their layer of humus. Low temperature 
with medium rainfall developed the prairie types of soil 
which is firtile and low temperature and low rainfall 
developed the steppe soil, with deep humus layer and 
high firtility. 
Climate plays both types of impact on soil i.e 
soil formation which has been discussed and soil 
destruction, for instance through soil erosion. Soil 
erosion takes place under the effect of wind and rain. 
2. IMPACT OF CLIMATE ON FLORA : 
Impact of climate on flora is most viable 
impact. It is said that the soils display their inner 
feelings in the form of flora cover. It is obvious that 
climate plays a decisive role in designing the flora of 
an area. When the vegetation complex has become 
stablized it is often referred to as the climatic climax 
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vegetation. These "end results" we call biomes. Flora is 
dependent on two important elements of climate i.e. 
precipitation and temperature. 
3 . IMPACT OF CLIMATE ON FAUNA 
Fauna is also influenced by the climate directly 
and indirectly. The direct influence of climate on 
animals is usually small. It normally has an indirect 
influence through the plant community. The food source 
for most animals even the carnivores being dependent 
upon the existance of the herbivores within an area to 
supply them with their normal diet. 
In spite of this it is possible to find some 
correlation between types of animals and climate in an 
area. For the systematic study it is convenient to 
consider the animals as sub divided into five groups. 
(a) Mammalias : Mammalias are warm blooded animals 
(Homeotherms) i.e. They all process a thermo 
regulation that strives to keep their body temperature 
within a narrow range for the large mammals. It appears 
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that this temperature is around 100°F the tolerance 
limit being small so that a few degree rise or fall 
will prove fatal to the mammals. 
(b) Flying Animals : Such as birds and insects that 
at the same time during the life cycle have the ability 
to fly. The insects are cold blooded and show a body 
temperature dependent upon the environmental conditions, 
when the animals is in the stage at which gliding or 
flight is possible it is subject to the effect of winds 
and currents, and each animal will have a threshold wind 
speed at which it finds itself enable to make headway 
against the wind pressure. In general this threshold 
pressure will be a function of the shape of birds in 
flight. Its surface friction with the air and power of 
the animal. For instance, locusts find it almost 
impossible to hold to a course if the wind speed exceeds 
16-20 Kilometer per hour. 
(c) Aquatic Animals : Animals dwelling in water 
experience much more stable environment from the 
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climatic viewpoint than those inhabiting the land. The 
only climatic elements though to be of importance to 
this eqi atic breed is temperature. The annual range of 
temperature in seas is seldom above 2 5°F in the Arabian 
Sea to 28°F in the polar Seas. Because of the very heat 
capacity of water, temperature change takes place 
slowly. Aquatic species will die if subject to rapid 
changes in the temperature. The marine animals tend to 
accept only small changes in temperature and during the 
summer months will exibit movements either polewards or 
towards greater depths seeking out cooler water. During 
the winter many species inhabit the lower layer where 
the temperature is often 10°F higher than the surface 
layer. 
(d) Reptiles : These cold blooded animals 
comprising lizards, snakes and turtles possess scales 
which help to reduce the evaportion of their body water. 
They maintain blood temperature within an optimum range, 
a range greater than that of the homeotherms. During the 
heat of the these animals often burrow underground or 
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seek shade. It appears that their optimum blood 
temperature is about 96-l00°F and many lizards suffer 
heat prostration at 104-116°F, Death resulting if the 
blood heated above 120°F. 
(e) Soil Dwellers : Within the soil many animals 
find the equable condition's. They need to escape the 
extremes of the open environment, some animals, such as, 
worms spend their whole life below the ground but most 
only use the earth as a supplier of acceptable 
environment. 
During the heat of summer some animals ranging 
form insects to mammals burrow underground to escape, 
the intense heat load during the day. 
INFLUENCE OF CLIMATE ON THE LANDUSE AND THE SOCIO-
ECONOMIC CONDITION : 
It is still generally accepted that climate is 
the most important varable in agricultural production 
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and landuse pa t t e rn , even though technological advances 
and improvements in fo recas t ing have made p o s s i b l e minor 
ad jus tments in p l a n t i n g and h a r v e s t i n g s c h e d u l e s . •'•^  
Climatic var iab le i s most important determining f a c t o r s 
of agr icu l tu re in any region of the world in genera l and 
developing world in p a r t i c u l a r . Because a g r i c u l t u r e i s 
bes t sui ted on c l imate of the region. The a g r i c u l t u r a l 
crops from t h e i r germination to harves t ing are f u l l y on 
the mercy of c l imate v a r i a b l e s such as tempera ture , 
moisture and so la r s a d i a t i o n . Tha t ' s why the subs i s t ence 
farmer i s probably governed by weather and c l imate more 
than most people. Not only does climate l a r g e l y 
determine the type of a g r i c u l t u r e tha t i s v i ab l e but i t 
a l so brings r i sk and u n c e r t a i n t y . In addi ton, c l i m a t i c 
pa r ame te r s have an i n f l u e n c e on a l l s t a g e s of t h e 
a g r i c u l t u r e . The a g r i c u l t u r a l production chain inc lud ing 
not only growth of crops or animals but a l so sowing. 
15. Swell, W.R.D, a t a l (1968) "Human response t o 
weather and c l ima te : Geographical c o n t r i b u t i o n " . 
Geographical Journal Vol. 58 PP-262-280. 
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managements, harvesting, transport and marketing. 
Climatic variables enter in two ways into the 
problem of adequacy of landuse and food supplies. One 
is through weather hazards to aeroplanes, such as 
posts, hails, drought, or post harvest conditions. The 
other is through landuse which is wasteful of climate 
potential crops are much more effecient land and energy 
1 7 
users than forced crops. Contrasts attributable to 
weather and climate can be mitigated or aggravated 
through the use or mis-use of available resources and of 
imputs such as irrigation mechanization and 
-1 p 
fertilizars. 
16. Hobbs, J. E. (198 0) "Applied Climatology", 
Butterworths, London. PP - 112-113. 
17. Landsberg, H. E. (1968) "A comment on land 
utilization with regerence to weather factors" 
Agricultural Meteorology. Vol. 5 PP - 135-137 
18. Duchham, A. N. (1974) "Climate Weather and Human 
food system -a World view". Weather, Vol. 29 PP 
- 242-251. 
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The main climatic elements upon which crop 
growth depends are solar radiation, temperature and 
moisture. The maximum amount of plant tissues that can 
be photosynthesized within a crop depends upon the 
availablity of suitable radiation. The growth of many 
plants responds to the day length as well as total 
available solar radiation. Plant such as rice which grow 
in low latiludes that is mostly in developing countries, 
where the day length varies only slightly may be 
sensitive to day length differences of only a few 
minutes, while other are indifferent to day length.-^^ 
Temperature effects on crop growth can operate 
in several ways, many crops such as coffee, bananas and 
sugarcane are particularly sensitive to frost, although 
apples need sufficiently low temperature to initiate the 
development of flowers. Most crops cannot be grown 
successfully unless temperature exceeds some critical 
19. Lenacre, E. T. and Hobbs, J. E. (1977) "The 
Australia Climatic Environment" John Wiley and 
Sons. Brisbane 
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threshold value, such as maize requires daily mean 
temperature above 21°C at least for a part of the 
growing season. Citrus fruits, cotton, sugarcane and 
rice grow litte at temperature below 15°C. Many-
vegetables need at least 8°C and threshold for wheat is 
about 3°c2°. 
Soil temperature is more important than that of 
the air for most crops like potatoes and for seeds 
germination potatoes need at least 8°C and not more than 
28°C but preferably about 18°C for germination since 
bolloworms emerge from at that temperature. 
The third important climatic variables on which 
growth of crops are dependent are soil moisture as well 
as temperature condition. The state of soil moisture 
governing crop growth itself governed by rainfall and 
the evaporation rate. The evaporation rate is related 
20. Hobbs, J. E. (1989) Op. cit. P. 113 
21. Lenacre, E.T. and Hobbs, T.E. (1977) Op. cit. P. 98. 
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to temperature, wind speed and atmospheric humidity and 
the usefullness of rainfull to a crop depend on the 
stage of development. In general steady and moderately 
moist conditons are more favourable to crop growth than 
an erratic alteration of very wet and very dry spells. 
So comparision of long term rainfall, and evaporation. 
Patterns of land use do not give very good guide to soil 
22 moesture . 
As a g r i c u l t u r e i s b e s t s u i t e d t o c l i m a t e . 
Climate influcences the ag r i cu l tu re in many ways. Socio-
ooonomie—cTJiidlLlUliy of human be ing i s d i r e c t l y and 
i n d i r e c t l y governed by the c l i m a t e . Socio-economic 
c o n d i t i o n of any reg ion in g e n e r a l and deve lop ing 
country l ike India in p a r t i c u l a r depend upon the c l imate 
because t h i s economic a c t i v i t i e s a r e very c l o s e l y 
re la ted to the a g r i c u l t u r e . As ag r i cu l t u r e i s influenced 
by c l ima te tiius socio-economic c o n d i t i o n s a r e a l s o 
influenced s imi lar to a g r i c u l t u r e . 
22. Ibid. 109 
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TYPES AND CHARACTERISTICS OF DRYLAND ECOSYSTEMS IN 
WESTERN RAJASTHAN 
Dryland are the biomes formed in the area where 
water availability is less than the water need. 
Temperatures may range from very high as in hot deserts 
to very low as in cold deserts. On the basis of 
availability of water one can divide the dryland 
ecosystems in four sub-types: 
(a) SUB-HUMID ECOSYSTEM: 
Some drylands may have a short periods regime of 
sub-humid conditions, particularly in the periods of 
above normal rainfall occurances. These are the initial 
regimes entering into the dryland ecosystems where 
environmental stresses begin to established a routine. A 
sub-humid region is slightly better than the other 
dryland ecosystems. This region is characterized with a 
condtion where for a short period water availability is 
nearly equal to the water need in Western Rajasthan. It 
experiences disuniformly high temperatures with an 
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average of 27°C. The range of temperature is moderate 
about 15°C. The climatic factors help to produce a fare 
vegetation and different types of species of animals. 
Sub-humid ecosystem exist in small locales at the higher 
altitudes of the Aravalli ranges in Pali districts. 
(b) SEMI-ARID ECOSYSTEM: 
Semi-arid environment or ecosystem is a 
transitional ecosystem between sub-humid and arid 
ecosystems. Semi-arid ecosystems in the Indian desert 
are along the eastern fringe of the desert in parts of 
Jhunjhunu, Sikar, Nagaur and Pali. In this zone 
rainfall is less than the sub-humid region and the dry 
hot type of climate is found. The temporal or yearly 
oscillations are well marked. In some years rainfall 
conditions are more near to the sub-humid conditions 
While some years the rainfall is much below the normal, 
hence renders the rainy season closer to the arid 
regime. Rainfall varies from 30 to 40 cms while annual 
range of temperature is greater than the sub-humid 
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region. These relatively low rainfall and high 
temperature conditions relegate the vegetation growth 
thus lower number of animal species inhabit this 
ecosystem. A semi-arid ecosystem holds weaker supporting 
capacity. 
(c) ARID ECOSYSTYEM: 
An arid ecosystem is highly depleted of the 
components of biome. Such an ecosystem largely exists 
along the western frontier of the Indian Desert in 
Barmer, Bikaner and Jaisalmer districts. Temperatures 
may range from very high as in hot deserts to fairly 
low. Major hot deserts of the world are situated near 
the tropic of cancer and tropic of Capricorn, while 
major cold deserts are found either inthe high latitudes 
or higher altitude. Both having a rainfall of less than 
10mm, 
Low erratic precipitation coupled with soi: and 
other arid conditions that can be extremely high 
(150) 
temperature by day and an abrupt drop by night, low 
humidity and high insolation are the major desiccating 
environmental factors to which desert vegetation and 
animals have to adapt themselves too. Desert plants 
which tend to be shrubs are adapted to drought 
conditions though reduced leaf size and the dropping of 
leaves in the dry conditions both reducing water loss 
that is evapotranspiration. 
(d) EXTREMELY ARID ECOSYSTEM: 
Extreme Arid ecosystem hinges on the driest 
strips of the hot deserts of the world. Extensive areas 
of Sahara, Saudi Arabian Deserts and a narrow wesern 
most strip of the Indian Desert have extremely arid 
ecosystem. Precipitation is less than 1/lOth of the 
potential evapotranspiration in the extrmely arid 
ecosystems. As a resutl of it these are the most 
desolate areas with almost no trace of any apporiciable 
plant and animal life. Ground water is generally at 
greatest depth. Extremely arid ecosystem is the most 
deplated representative of the biome. 
(151 ) 
CHAPTER - IV 
NATURE AND CHARACTERISTICS OF CLIMATIC TRANSITION 
C l i m a t o l o g i s t w o r k i n g f r o m t h e p h y s i c a l 
p r i n c i p l e s , t h e o r y , d a t a and e x p e r i e n c e a c q u i r e d i n 
p a r t s f rom t h e u s e of W o r l d ' s m o s t c o m p l e x 
e n v i r o n m e n t a l m o d e l s h a v e p r o v i d e d e v i d e n c e t h a t t h e 
wor ld i s warming now a t an u n p r e c e n d e n t e d r a t e . They 
s u g g e s t e d t h a t i t w i l l warm much more r a p i d l y a n d w i l l 
c o n t i n u e t o warm f o r i n d e f i n i t e f u t u r e u n l e s s s p e c i f i c 
s t e p s a r e t a k e n t o s t o p t h e a c c u m u l a t i o n of h e a t t r a p i n g 
g a s e s . 
C a s e s t u d i e s on p r o b a b l e c l i m a t i c c h a n g e i n 
t e r m s of r a i n f a l l d i s t r i b u t i o n , t e m p e r a t u r e r e g i m e , 
r e l a t i v e h u m i d i t y , s u n s h i n e d u r a t i o n , wind v e l o c i t y and 
e v a p o r a t i o n c h a r a c t e r i s t i c s p e r t a i n i n g t o p r o j e c t e d 
g l o b a l warming c o n c e p t s have s c a n t i l y b e e n a t t e m p t e d i n 
t h e d v e l o p i n g c o u n t r i e s . For t h e a n a l y s i s of c l i m a t i c 
t r e n d s , 35 y e a r s of m e t e o r o l o g i c a l o b s e r v a t i o n s have 
(152) 
been analysed. In the age of humanly induced accelerated 
changes such analysis may come out with the results of 
some reckoning and consequence. It has been realised 
by its Global Change Research Program that even quite 
small trends towards warming, drying or additional 
vairability in rainfall would have significant and rapid 
effects on natural and managed dryland ecosystems (Anon, 
1991) . However, a good number of studies on climatic 
predictions are based on the simulation models of 
greenhouse gases. World Meteorological Organization 
(WMO) , 1986 simulated a number of possible future 
scenarios, depending upon the rate of emission of green 
house gases. Meteorological data of Western Ra^asthan 
obtained from India Meterological Department Pune, and 
simple regression analysis were performed to obtained 
the trends of climate change. 
In the absence of any appriciable data of Jalore 
due to the installation of meteorological stations as 
late as 1978 which is also not in regular operation. 
(153) 
Jalore's results have been taken on the near neighbour 
analysis with reference to Barmer. Such a liberty has 
been taken because of almost identical physical and 
meteorological conditions noticed in the two districts. 
1. Both Barmer and Jalore come under the Arabian 
sea influene of the Indian monsoon. 
ii. There is a good of physiographic similarity 
in the two districts. 
The important findings on the climatic 
transition in Western Rajasthan, on the basis of 
regression analysis of meteorological data by the author 
are given as follows: 
RAINFALL VAIABILITY CHANGE: 
The annual distribution of rainfall is highly 
variabile. Therefore, regression analysis could not be 
performed to examine a reasonable trend of change. The 
mean annual rainfall for the period of 1951-1985 was 
observed for all the eleven districts of Western 
(154) 
Rajasthan. The mean annua] average rainfall is highly 
variable, ranging from 140.9mm in Jaisalmer in the 
extreme western sector to 472.2 mm in pali district, in 
the southeast of the study region. The reginal average 
of annual rainfall of Western Rajasthan as a whole was 
noted as 342.1mm during the study period of 1951-1985. 
The rainfall distribution is highly uneven in all the 
districts though a few meso-scale regions of similar 
rainfall could be identified for example Barmer 275.9 
mm, Bikaner 259.6 mm, Churu 325.5mm, Ganganagar 253.5 
mm, Jalore 421.Gram, Jhunjhunu 444.5mm, Jodhpur 325.3mm, 
Nagaur 383.4 mm and Sikar 460.8mm. Due to this great 
variation for a random analysis rainfall observations of 
35 years were divided into two halves, first half 
carries 17 years data, while the second half is of 18 
years average obsrvations (Table. 7) . In the first half 
during 1951-1967, the mean annual average rainfall of 
the region was 356.122 ram, which decreased to 327.597 mm 
during the second half i.e from 1968-1985. There was a 
decrease of 28.525mm of rainfall over a peirod of 35 
(155) 
TABLE NO. 7 : WESTERN RAJASTHAN: INCIDENCE OF RAINFALL AND 
BELOW NORMAL RAINFALL YEARS 
Duration > 1951-85 1951-67 
Parameters > MAR (cm) BNY MAR (cm) BNY 
DISTRICTS 
Barmer 
Bikaner 
Churu 
Ganganagar 
Jaisalmer 
Jalore 
1968-1985 
MAR (cm) BNY 
Jhunj hunu 
Jodhpur 
Nagaur 
Pali 
Sika 
Region 
275.9 
259.6 
325.5 
253.5 
140. S 
421.6 
444.5 
325.3 
383.4 
472.2 
460.9 
342.1 
18 
20 
20 
21 
20 
16 
20 
18 
21 
16 
16 
19 
287.6 
274.4 
341.3 
264.3 
148.3 
434.4 
460.8 
341.4 
399.8 
488.6 
476.8 
356.1 
6 
9 
11 
8 
8 
8 
10 
6 
10 
7 
7 
8 
261.6 
245.2 
310.6 
238.0 
132.2 
404.2 
430.4 
311 0 
368.1 
457.3 
445.0 
327.6 
12 
11 
09 
13 
12 
08 
10 
12 
11 
9 
9 
11 
Source: Based on the Data India Meteorological Department, Pune 
1951-1985. 
Note: (i) MAR': Mean Annual Rainfall 
(ii) BNY: Below Normal Years. 
(156) 
years - a net decrease of 8 percent. This is not evenly 
distributed throughout the region. However, all the 
districts show a negative trend in second half in the 
years of 1968-1985 as compared to first half i.e. 
1951-1967. For example, Barmer where during the first 
half the average rainfall was 287.62mm which decreased 
to 261.58 mm - a net decrease of 26.04 mm rainfall i.e. 
9 percent. In the district of Bikaner the annual average 
of second half decreased to 245.186 mm from 274.439 mm 
of first half - a decrease of 29.253 mm rainfall i.e. 
10.5 percent, Churu received 310.573 mm as compared to 
341.305 mm in first half - a net decrease of 30.7 mm 
rainfall i.e. 9 percent, Ganganagar decreased to 238.001 
mm from 264.321 mm in the first 17 years - a net 
decrease of 26.32 mm rainfall accounts about 10 percent. 
All the districts of the region show a general 
decreasing trend similar to the over all average trends 
of the region. For example, Jaisalmer's average annual 
rainfall of first 17 years of the study period was 
(157) 
148.31 mm which decreased to 132.785 mm - a net 
decrease of 15.525 mm rainfall i.e. 10.5 percent. 
Nagaur decreased to 368.134 mm from 399.804 mm of first 
half - a decrease of 31.666 mm rainfall i.e. about 8 
pecent, in Jalore it decreased to 404.211 mm from 
434.421 mm - a decrease of 30.12 mm rainfall accounts 
about 7 percent decrease, Jhunjhunu was 4 60.39 mm in the 
first half which decreased to 430.41 mm in the second 
half - a decrease of 30 mm rainfall i.e. 6.5 percent, 
Jodhopur showed a decline from 341.384 mm to 311.004 mm 
- a decrease of 30.4mm rainfall accounts about 8 
percent. In Pali the raninfall in the first half was 
488.571 mm which decreased to 457.298 mm in the second 
half during 1968-1985 - a net decrease of 31.3 mm 
rainfall i.e. 6.4 percent and Sikar declines from 
476.79 mm to 445 .01 mm in the second half - a decrease 
of 31.78mm rainfall accounts about 6.6 percent decrease. 
All these results are a sound evidence of not only a 
decrease in the rainfall but an overall regional 
resemblance in the decreasing trends of rainfall in 
(158) 
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Western Rajasthan. 
There is not only rainfall decrease in the 
region but also there is increase in the below normal 
rainfall years in the region. There were 8 below normal 
rainfall years during the first half which increased to 
10 during the second half. The number of below normal 
rainfall years were also varied and different in each 
district. For example, the below normal rainfall years 
increased from 6 in the first half to 12 in the second 
half in Barmer district. This is a devastating trend 
for the ecosystems of Barmer. In Bikaner the number of 
bleow normal rainfall years increased to 11 in the 
second half from a tally of 9 below normal rainfall 
years in the first half. Only Churu distirct of Western 
Rajasthan shows a decrease in below normal rainfall 
years from 11 years in the first half to 9 years in the 
second half. This observation from the general rule has 
not been properly understood. Ganganagar again shows a 
positive trend in below normal years from 8 to 13 years. 
Jaislamer increased to 12 below normal rainfall years in 
(160) 
the second half from the 8 in the first half. Jalore 
district shows no change in below normal rainfall i.e. 
8 years in each of the halves. Jhunjhunu again shows 
similar to Jalore, in this district below normal 
rainfall year is 10 in each half, which means on the 
whole out of 35 years, 20 years were below normal 
rainfall yars. In Jodhpur the below normal rainfall 
years increased to 12 in 1968-1985 from 6 years in 
previous years of the first half. Nagaur showed an 
increase of one year i.e. from 10 to 11. Pali and 
Sikar also show a similar trend. In both the districts 
the below normal years of rainfall increased to 9 in 
the second half from 7 years in the first half, whole 
data shows an over all decrease in rainfall as well as 
the incidence of rainfall. This situation also throws 
light on the problem, intensity and recurrence of 
droughts in Western Rajasthan. Although, due to high 
variability in the mean annual rainfall in Western 
Rajasthan it was inadequate to arrive at any conclusive 
results, but it could be considered useful to some 
(161) 
extent, for a relative understanding of the trend in the 
changing pattern. Several model projections of climate 
trends in response to greenhouse warming have shown 
lower precipitation, more below normal rainfall years 
and shift in the timings of rainfall in the interiors of 
the large continental landmasses (Manabe and Whetherald 
1987). Among al the climatic factors rainfall 
variability remains almost universally higher. 
Therefore, after examining all the data one can 
arrive at the conclusion that there is a definite 
general trend of rainfall change espcially in the 
Western Rajasthan for both the annual average rainfall 
as well as below normal rainfall years. 
CHANGE IN TEMPERATURE REGIME: 
Global warming debate has aroused much concern 
towards the reginal climatic transition among the 
scientists and the planners. Most of the studies on 
global warming have been based on the carbondioxide 
change reactions inidicated by simulated models. 
(162) 
National Aerounautic and Space Administration (NASA), 
World Weather Watch (WWW) and World Meteorological 
Organizaion (WMO) have conducted a good numbe of surveys 
to enquire the global and regional climatic 
variations. The Intergovernmental Panel on Climate 
Change (IPCC) after considering all the available 
meteorological data came to a conclusion that the earth 
has warmed 0.3 to 0.6°C during the past century. 
However, IPCC (1990) predicted the global temperature 
increase of 0.3°C per decade. 
Climatologist predict that if the present trends 
of change continue, the global temperatures would rise 
from 1.5°C to 4.5°C over the next half century. Most 
climate researchers think the global increase derived 
from land base data could be over estimated by 0.05°C at 
most because of the heat-island effect in the urbanized 
areas. 
In the present study the temperature change in 
Western Rajasthan has been examined with the help of 
(163) 
35 ytars of meterorological data. The results appears to 
be in conformity with the temperature regime in the 
arid environments. Probable temperature changes in this 
study have been analysed for (a) Mean annual maximum 
temperature to enquire day time trends (b) Mean annual 
minimum temperature to enquire noctural trends and (c) 
•Mean annual average temperature to enquire the 
composite average. In addition to it (d) Absolute annual 
maximum temperature and (e) Aboslute annual minimum 
temperature have also been examined to see if there 
is any trend towards increased extremity of weather in 
view of the warming trends. 
As is evident from the diagrams all the 
temperature vairabiles for the eleven districts have 
shown a positive temperature increase which clearly 
affirm a trend of warming. The most significant aspect 
of the findings is that the temperature increase in all 
the districts of Western Rajasthan is very close to each 
other as could be expected from the relative 
(164) 
environmental homogeneity of the arid region. 
(a) Mean Annual Average Temperature change: 
The regression trend of mean annual average 
temperature of the region shows a temperature rise of 
0.966°C ove the period of enquiry (Fig.10). All the 
districts of Western Rajasthan show a temperature 
increase very clsoe to their regional average. The 
regression trend of mean annual average temperature 
was lowest in the district of Jodhpur where the relative 
transition is 0.894°C followed by Pali 0.910°C, 
Jhunjhunu 0.916°C and Bikaner where relative transition 
is 0.933°C. The highest relative transition of mean 
annual average temperature is observed in the district 
of Jaisalmer where the relative transition is l.059°C 
followed by Barmer and Jalore l.053°C each. Nagaur 
showed a warming by 1.057°C, Churu by 0.988°C, Ganaganar 
by 0.987°C and Sikar by 0.967°C. 
(b) Mean Annual Maximum Temperature Change: 
The regression trend of mean annual maximum 
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temperature showed the temperature increase greater than 
that of mean annual minimum temperature. It means that 
the degree of day warming in Western Rajasthan is 
higher than the degree of nocturnal waiming. The 
relative transition of Western Rajasthan on an average 
is 1.426°C (Fig. 11). The lowest relative transition is 
shown in Jodhpur district where it is 1.316°C followed 
by Sikar 1.369°C, Jhunjhunu 1.371°C and Pali 1.375°C. 
the highest relative transition of mean annual maximum 
temperature was in the district of Barmer and Jalore 
where relative transition is 1.597°C each followed by 
Nagaur 1.501°C, Jaisalmer 1.425°C, Churu l.45l°C, 
Ganganagar 1.442°C and Bikarner 1.425°C. 
(c) Meem Annual Minimum Temperature Change-. 
Regression trend of mean annual minimum 
temperature is lower than the mean annual maximum as 
well as the average annual temperatures. The relative 
transition of mean annual minimum temperature of Western 
Rajasthan as a whole is 0.632°C (Fig. 12) . Within this 
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the maximum transition is in the district of Barmer and 
Jalore where the nocturnal warming is 0.758°C. This is 
followed by Pali 0.664°C, Ganganagar 0.660°C, Churu 
0.658°C, Jodhpur 0.627°C, Nagaur 0.611°C and Jaisalmer 
0.606°C. The lowest warming transitions in the 
districts of Bikaner 0.499°C and Jhunjhunu 0.541°C. It 
is significant to note that the nocturnal warming in 
Western Rajasthan is lower than the day time warming. 
This trend of Western Rajasthan does not hold conformity 
with most of the other findings. 
(d) Absolute Annual Maximxun and Absolute Annual 
Minimum Temperature change: 
Both these transitions of mean annual maximum 
and mean annual minimum temperatures reveal that the 
daytime temperature increase is greater than the 
nocturnal trend because relative transition of mean 
annual maximum temperature is greater than that of the 
relative transition of mean annual minimum temperature. 
But on analysing the extremity of temperature i.e. 
(170) 
absolute annual minimum temperature, the regression 
trends are quite different.The relative transition of 
absolute annual minimum temperature(nocturnal) is twice 
as high as compared with absolute annual maximum 
(daytime) . This anomaly could be ignored in view of the 
fact that absolute monthly temperatures change is based 
on one observation per month.The average absolute annual 
minimum temperature of Western Rajasthan is 1.017°C 
(Fig.13) while the relative transation of absolute 
annual maximum temperature is only 0.549°C(Fig.14) . 
Resembling trends were observed in all the districts of 
Western Rajasthan. 
The above situation suggests that the nights in 
the all districts of Western Rajasthan had a higher 
degree of warming as against the daytime. Karl(1991) 
also found that (daytime) maximum temperatures had a 
little change as compared to (nocturnal) minimum 
temperature. These findings of nocturnal warming are 
further substatiated by the study of temperature records 
in the United States, China and former Soviet Union, 
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which showed that most of the warming in these regions, 
in the last 40 years, has occured at night while day-
time temperatures staying more or less the same with 
last five dcades (Monasterskey, 1992). 
RELATIVE HUMIDITY CHANGE 
Change in relative humidity is a function of 
complex interaction among several climatic variables. 
However, it is generally known that some linear 
relationship of change does exist between relative 
humidity and temperature. Raval and Ramnathan (1989) 
used observational data to show a relationship 
between temperature and humdity and concluded that an 
increase in water vapour is one of the main positive 
feedbacks in the atmosphere , amplifying the enhanced 
greenhouse effect. 
(1) Mean Annual Maximum Relative Humidity Change:: 
The regression trends of mean annual maximum 
reltive humidity showed a positive percentage transition 
(174) 
(Fig. 14). These transitions endorse a linear 
relationship with the average value of relative humidity 
of the respective districts. All the districts for 
temperature had shown an average positive transition of 
1.426°C mean annual mciximum temperature and so has been 
the average positive transition of relative humidity-
showing 9.711 percent rise inthe mean maximum relative 
humidity for Western Rajasthan as a whole. An increase 
in the mean annual average temperature has shown an 
increase in the mean annual average relative humidity . 
However, all the districts do not show the linearity in 
the relative humidity increase with the changes in 
temperature conditions. For example, the mean annual 
maximum temperature increase in Barmer district was 
l.597°C and mean maximum relative humidity increease is 
10.181 percent (Fig. 15). Similarly, in Bikaner the 
relative humidity increase is 10.676 percent against 
temperature increase of 1.425°C. In Churu humidity 
increase is 9.571 percent along with a temperature 
increase of 1.451°C. In Ganganagar the relative humidity 
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increase is 9.648 percent along with a temperature rise 
of 1.442°C. In Jaisalmer 10.786 percent relative 
humidity rise along with l.059°C temperature increase. 
In Jalore 10.181 percent rise along with 1.597°C 
warming, Jhunjhunu had 9.076 percent alongwith 1.371°C 
Jodhpur had 9.905 percent along with 1.316°, Nagaur 
9.925 percent alongwith 1.501°C, Pali 9.048 percent 
along with 1.375°C and Skiar 9.409 percent rise along 
with 1.369°C warming. The highest mean annual relative 
humidity which may be attributed to the fact that there 
is high variability of rain in Barmer and low rainfall 
variability in Pali district. 
(b) Mean Annual Minimum Relative Humidity Change: 
The regression trend for the mean annual minimum 
relative humidity for all the districts showed a 
negative trnasition . It is important to note that the 
mean annual maximum and mean annual minimum relative 
humidities may not necessarily correspond with the day 
and night times humidity conditions respectively, as it 
(177) 
is obviously the case with the mean annual maximum 
temperature and mean annual minimum temperature 
conditions. The diagram (Fig. 16) of mean annual minimum 
relative humidity does not show a uniform trend. It is 
highly variable. The region's average of mean annual 
minimum relative humidity transition is -0.403 percent 
which shows a negligible trend. The lowest transition 
is found in the districts of Barmer and Jalore -0.403 
percent followed by Jodhpur -0.324 percent, Ganganagar -
0.343 per cent Bikaner -0.391 percent Jaisalmer -0.447 
percent Churu -0.476 percent. Jhunjhunu shows a highest 
of -0.524 percent followed by Pali -0.505 percent, 
Nagaur -0.486 percent and Sikar -0.485 percent. 
(c) Mean Annual Average Relative Hiunidity Change: 
The regression trends for the mean annual 
average relative humdity in the whole region depict 
quite a uniform trend. The regional average transition 
of average relative humdity is 4.794 percent. The lowest 
transition is shown in the district of Jodhpur 4.085 
(178) 
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percent (Fig. 17) followed by Jhunjhunu 4.23 6 percent, 
Bikaner 4.381 percent, Sikar 4.514 percent, Ganganagar 
4.628 percent and Churu 4.629 percent. The highest 
trnasition appears in Pali 6.495 percent, Nagaur 5.085 
percent, Banner and Jalore 5.076 percent. The increase 
in mean annual average relative humidity corresponds 
with the mean annual average temperature increase. 
Gutzler (1992) close to these trends, found that both 
temperature and specific humidity have increased 
throughout the troposphere since the mid - 1970's. 
Specific humidity change in tropics shown to be a 
sensitive indicator of long term climate change, the 
author argues. 
CHANGE IN SUNSHINE DURATION: 
Regression trends on sunshine duration 
indicated an overall reduction throughout the region on 
an average the relative transition of the region is 
0.214 hour per day (h/d) during 1951-1985. An 
interesting feature of sunshine reduction is that it 
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has decreased for all the districts of Western Rajasthan 
in contrast to the increase in absolute annual 
maximum temperatures and mean annual maximum 
termperatures which are the trends of daytime 
temperature. Although the exploration of reduction in 
sunshine duration is quite complex, it could however, be 
assigned either largely to an increase in cloundiness 
conditions or to the haziness due to a possible 
increases inthe dust storm frequency. According to 
Hileman (1992), since 1950 cloudiness has increased by 
a few percent in the US and in the past few years it has 
suddenly escalated in Australia. If average global 
temperatures rise, more water will evaporate from the 
oceans and seas. It is not known whether this will 
condense to creat more clouds or whether it will remain 
as water vapour. And if it creates more clouds, it is 
not known whether the additional clouds will be 
predominantly high level or low level. If the general 
increases of temperature in a continental area is 
accompanied with a decrease in rainfall it might 
(182) 
suggest that it has either added to vapour only or the 
induced clouds may probably of High cirrus type. In this 
case, if temperature increases is coupled with a 
decrease in pan evaporation then it is not so much a 
function of temperature and its trend could be verified 
with reference to other climatic variables. Chahine 
(1992) explain the probable cause of reduced sunshine. 
It could also be indirectly related to an increase in 
humidity because small changes in the amount of water 
vapour on all the scales produce significant changes in 
cloudiness and hence radiation. A negative transition of 
the sunshine duration in every district of Western 
Rajasthan holds an inverse relationship with the mean 
annual maximum temperature and absolute annual maximum 
temperatures. 
Regression trend of sunshine duration shows a 
relative transition of -0.214 h/d in Western Rajasthan 
as against the mean annual maximum temperature whose 
average of the region is 1.426°C and absolute annual 
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maximum temperature whose average is 0.549°C. The 
district wise relative transition of the whole region 
is more or less uniform. However the lowest transition 
of sunshine duration was noted in the district of 
Jaisalmer (-0.183) (Fig. 18), followed by Jhunjhunu (-
0.2) churu (-0.203) Jodhpur (-0.208), Nagaur (-0.212), 
Ganaganagar (-0.218), Sikar (-0.241) Barmer (-0.262) 
Jalore (-0.262) Pali (-0.299) and Bkaner (-0.314). 
WIND VELOCITY CHANGE: 
The wind velocity regression trends bea: an 
interesting linear relationship with the changes in 
sunshine duration. As wind velocity is the outcome of 
the sunshine rediation and the related temperature. 
Mean annual wind velocity at 2 metre height also showed 
a decreasing trend for all the eleven districts of 
Western Rajasthan. And average reduction of the region 
is 0.916 Icm/h. Fig. 19 showed lowest transition in the 
district of Jodhpur -0.801 km/h followed by Nagaur -
0.837k/h Pali -0.842 k/h Bikaner -0.89 k/h and 
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Jhnujhunu -0.919 k/h. The hightest transition in the 
districts of Jaisalmer -1.097 km/h followed by Sikar -
0.994 k/h Barmer and Jalore -0.95 km/h and Churu -0.94 
k/h. the district wise transition trends of he wind 
velocity as well as the districtwise variability range 
of wind velocity are on the higher side. For example, 
the annual average of wind velocity of Jaisalmer is 
high and thus the transition of wind reduction is high, 
where the variability in the wind velocity is low as in 
the case of Nagaur and Ganganagar the wind velocity 
transtion was also low. Similar trends and 
relationship existed in every district in Western 
Rajasthan. Thus there is strong linear relationship in 
the two situations. 
PAN-EVAPORATION CHANGES 
The regression trends for annual pan-evoration 
'A' in all the eleven districts of Western Rajasthan are 
very close to each other as could be expected from the 
environmental homogeneity of this largely arid. The 
regression results for annual pan-evaporation showed the 
(187) 
negative trends. The relative transition of evaporation 
in the whole region, on an average is -108.432mm during 
the period of 1951-1985. The decreasing trensition of 
evapration appears inversely related with the higher 
increasing transition of temperatures. This leads to a 
conclusion that pan- evaporation change was not as much 
a function of temperature as it could be of other 
climatic variable. In other words this may suggest that 
there is not much reltioc between pan evaporation and 
temperature change. However, wind velocity and sunshine 
duration is directly related to the pan evaporation. In 
other words, pan-evaporationis seeks more convincing 
explanation with the wind velocity and sunshine 
duration. The areas having greater wind velocity and 
greater sunshine duration,also have greater pan-
evaporation changes. As both, the sunshine and wind 
velosity show a negative transition, so do the results 
of evaporation transition show a negative transition. 
Thus decrease in pan-evaporation appears more in 
alliance with the decrease in wind velocity and the 
(188) 
C 
< c 
T - O 
I - « 
CO g 
LU c 
(0 
0) 
o 
•H 
E 0 -^ 0 
(189) 
decrease in sunshine duration. 
The regression trends of mean annual pan-
evaporatin show highest transition in the district of 
Jaisalmer -114.724Tnm (Fig. 20) where the transition of 
wind velocity is -1.097 km/h which is also the highest 
reduction coupled with a sunshine transition of -0.183 
hour per day. The lowest evaporation transition appears 
in the district of Pali which is -103.116mm coupled 
with sunshine transition of -0.299 h/d and wind 
velocity reduction -0.842 km/h. The figure shows a 
higher evoporation transition in western part of the 
region is the eastern districts. This reflects upon 
the aridity condition. 
(190) 
CHAPTER - V 
SUMMARY AMD CONCLUSIONS 
Various research research agencies of the world 
for meteorology and climate change monitoring have made 
several studied in the field of climatic transtions and 
formulated various models of enquiry in the developed 
countries. This dissertation has made an attempts to 
varify whether there is any similarity/ linearity in the 
climate change findings of the developing countries 
with the findings of the technically avanced world. 
Author has analysed 35 years of meteorological data of 
following indications viz (1) five characteristics of 
temperature, namely (a) Mean annual maximum temperature 
to anlayse the transition of daytime warming (b) Mean 
annual minimum temperature to analyse the noctural 
transition (c) Mean annual average temperature to 
analyse the composit temperature transition (d) Absolute 
annual maximum temperature to analyse the extreme 
(191) 
character of t r a n s i t i o n of daytime temperature and (e) 
Absolute annual minimum temperature to determine the 
extreme na tu re of n o c t u r n a l t empera tu re changes (2) 
r a i n f a l l c h a r a c t e r i s t i c s (3) Three c h a r a c t e r i s t i c s of 
r e l a t i v e humidi ty namely (a) Mean annual maximum 
r e l a t i v e humdity t o ana ly s i s the maximum water content 
in he atmosphere in t r a n s i t i o n (b) Mean annual minimum 
r e l a t i v e humidity to determine the minimum water content 
i n the atmosphre in t r a n s i t i o n and (c) Mean annua l 
average r e l a t i ve humidity to composite t r a n s i t i o n of 
wate r content i n t h e a tmosphere . (4) wind v e l o c i t y 
character to analysed the wind speed t r a n s i t i o n (5) 
Sunshine duration and (6) pan-evaporation c h a r a c t e r i s t i c 
t o analyse the evaporat ion t r a n s i t i o n . 
Data of a l l c h a r a c t e r i s t i c s of c l i m a t e were 
analysed on computer through simple l i n e a r r eg ress ion 
ana lys i s except r a i n f a l l due to hgih v a r i a b i l i t y in 
the r a i n f a l l which would rendered the regress ion r e s u l t s 
meaningless. Results show a pos i t i ve l i n e a r r e l a t i o n s h i p 
with r e su l t s of various models developed by var ious 
(192 ) 
scientific agencies of the developed world. As NASA 
confirmed that the Global warming has started; 
Intergvernmental Panel for Climate Change of 300 
leading scientists together confirm that the rate of 
global warming is 0.3°C per decade, Similar results 
have been obtained in the Western Rajasthan. During the 
study period of 35 years the average temperature 
transition is 0.966°C which is very close to IPCC's 
findings. However, most of the research works have 
emphasised over the nocturnal warming trends which in 
the present study are little lower than the suggested 
models. Mean maximum and mean minimum temperature give 
similar transtion. Extremity of temperature condition 
supports the nocturnal warming trends is higher. The 
average relative humdity of this region shows a 
positive transition with the temperature. However, a 
change in the relativ humidity is not a function of 
temperature only but it is also a function of complex 
interactions among several climatic variables. 
Therefore, all the districts do not show the linearity 
(193) 
in the relative humidity change with the changes in 
the temperature condtions. However, an increase in the 
mean annual maximum temperature has shown the increase 
mean annual maximum relative humidity. But in the 
condition of mean annual minimum relative humdity 
situation purely differed. The mean annual minimum 
relative humidity for every district of Western 
Rajasthan shows a negative transtion on an average of -
0.403 percent. Therefore, it is suggested that mean 
annual maximum and mean annual minimum relati^ve 
humdities may not necessarily correspond with the day 
and night time condition respectively as it is 
obviously the case with the mean maximum and mean 
minimum temperature conditions. However, the increase in 
mean annual average relative humdity corresponds with 
the mean annual average temperature change. Close to 
these trends, Gulzter (1992) found that both temperature 
and specific humidity have increased throughout the 
troposphere since the mid 1970s. 
(194) 
Sunshine duration throghout the region shows 
an over all reduction by an average of -0.214 h/d 
during 1951-1985, while temperature is increasing. This 
suggest that direct solar radiation is less important 
in global warming. Global warming is due to greenhouse 
effect and carbondioxide change. Explanation of 
reduction in sunshine duration is quite complex, it 
could however, be assigned either largely to an 
increase in cloundiness condition or to haziness due to 
a possible increase in the duststorm frequency. As 
stated by Hileman, the cloudiness has increased by a few 
percent in US since 1950. The regression trends of wind 
velocity also bears a reduction trend. It bears a 
linear relationship with change in sunshine duration as 
sunshine is an important component which determines the 
high and low air pressure which are the basic cause of 
direction and speed of wind. The average reduction in 
the wind speed is 0.916 km/h. The transition is 
dependent upon the average wind velocity of the 
respective districts. Highest wind speed in Western 
(195) 
Rajasthan i s in the d i s t r i c t of Jaisalmer and thus the 
h i g h e s t t r a n s i t i o n of wind v e l o c i t y i s a l s o in 
Jaisalmer i . e . -1.097 km/h. 
Pan-evapoat ion i s d i r e c t l y r e l a t e d t o t h e 
sunshine d u r a t i o n and wind v e l o c i t y . As bo th t h e 
i n d i c a t o r s showed a n e g a t i v e t r end and t h u s pan 
evaopoartion a lso shows a negative regress ion t r end . 
The average t r a n s i t i o n of pan-evaporation in Western 
Rajas than i s -108.432 mm. Highest pan e v a p o r a t i o n 
t r a n s i t i o n appears in the d i s t r i c t of Ja isa lmer where 
there i s highest wind v e l o c i t y t r a n s i t i o n . 
In the l a s t author can conclude tha t a l l the 
c l imat ic indica tor show a s imi lar c l imat ic change in 
Western Rajasthan i . e . Indian Desert as ind ica ted by 
v a r i o u s s c i e n t i f i c a g e n c i e s r ega rd ing the c l i m a t i c 
t r a n s i t i o n . Intergovernmental Panel for Climate Change 
(IPCC), World Meteorological Organization (WMO), World 
Weather Watch (WWW), N a t i o n a l Aeronaut ic and Space 
Administration (NASA), Nat inal Academy of Sciences (NAS) 
of the United States of America. 
(196) 
These findings of the study do not endorse 
Lockwood's assertions that at present there is no 
clear evidence of any appreciable climatic changes 
within the tropics during this cnetury. 
IMPACT OF CLIMATIC CHANGE ON ECOSYSTEM - AN OVERALL 
STUDY: 
Climatic change due to anticipated green house 
warming will affect ecosystems through changes in 
temperature precipitation soil moisture duststrom 
frequency and intensity and sea-level changes. It has 
been argued by many experts that agriculture may well 
have to adjust to climatic changes without disruption 
of global food supplies. It may be argued that human 
society will accomodate to although not without 
considerable pain, particularly if the change is not too 
rapid. However, it is difficult to support the notion 
that rapid global warming will entail anything less than 
a disaster for many natural systems. It is certainly 
plausible to argue that climatic change will remake the 
(197) 
face of the ea r th . However, i t should be understood 
from the outset t ha t i f our q u a n t i t a t i v e understanding 
of the p o t e n t i a l c l i m a t e changes i s l i m i t e d , our 
knowledge of pos i t i ve ecological e f fec t s i s p r i m i t i v e . 
N e v e r t h l e s s , t h e r e a r e t h r e e gene ra l p r i n c i p l e s of 
g l o b a l warming from which the no t ion of d i s a s t r o u s 
change proceeds even whi le the s p e c i f i c s remain 
uncer ta in , they a r e : 
1. Climate change wi l l be continuous as long as 
green house gases are emitted in q u a n t i t i e s 
anywhere near the current immission. 
2. The ra te of p red ic ted global warming exceeds 
both recent and more remote h i s t o r i c a l r a t e s by 
a large margin. 
3. Climate change i s f a r from the only s t r e s s 
occur ing i n n a t u r a l world which i s a l r e a d y 
undersiege from a i r and water p o l l u t i o n s o i l 
erosion and other human pressures . 
(198) 
Consequences of global warming are imposed 
through local changes in temperature, precipitation and 
storm pattern. Soil moisture is projected to decrease 
over much of the globe, particularly the mid-continent 
areas. The clearest way to understand the consequences 
of these changes for ecosystems is to consider where 
things live now and where they may possibly find 
hospitable climate conditions in the future. The most 
negative impact of ecosytem is as follows: 
1. Ecosystem donot move as a piece, they scatter. 
So ecosystems would not shift, they will change. 
2. Soils are not always appropriate at the latitude 
that species would be pressed to move toward. 
3. The combination of these two factors is 
projected to bring biomass declines. 
4. Trees do not have legs. Trees moved at 20-200 
kilometre per century during the glacial 
retreat. They may not be able to move faster in 
the future. 
(199) 
For further intensive and detailed study of 
climate change in Western Rajasthan the monthly-
meteorological data would be analysed to arrive at 
monthly and seasonal climatic change and shift if any, 
in the study area and further it would be enquired 
whether there is any clear cut or partial impact of 
these climatic changes on the ecosystem, agriculture, 
human behaviour, occupational structure, system of land 
use pattern etc. would be analysed in the doctoral 
work. 
(200) 
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